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INSTRUCTION IN ARMY TELEGRAPHY AND 
* TEIEPHONY- 


CHAPTEE I. 


BLBHENTAEY THEORY. 

1. When a current of electricity jSlows in a conductor, certain Effects of. 

phenomena ai^e observable, the three principal ones being : — electric 

(a) The conductor is heated (thermal effect)/ * current, 

(b) A magnetic needle placed in the vicinity of the con- 

ductor is affected (magnetic effect). 

(c) If the current passes through a suitable liquid, called 

an electrolyte (such as dilate acids or metallic salts in 
solution), the electrolyte is decomposed (chemical 
effect). 

2. In order that an electric curi‘ent may flow, two conditions Conditions 

are necessary, viz. : — 1 

(ct) There must he a complete conducting path for the ^urr^t 
' current to flow along. 

(h) There must be in that path an electrical pressure, 
termed electi*omotive foi’ce (or, shortly, B.M.F.). 

3. For beginners, who have no conception of electric currents, Water 
the analogy of water flowing in pipes will assist in forming a analogy, 
working idea of what happens in an electric circuit, and of the 

laws which govern the flow of an electric current ; this analogy 
will be used to illustrate the laws and effects given below. 

Consider a closed circuit of pipes full of water (Fig. 1), then, 


t' 



8 


SOTJBOES OT E-M-F. 




[OHA**. I. 


if the water is to he made to* flow in the^ipes, the following 
conditions are necessary : — 

(a) The pipes must not he blocked at any point, ^.e., the^ath 

must be complete. 

(b) There must he a pump of some sort at some part of%he 

circuit (there^ may be more than one) to force the 
^ water to flow.* 


Sources of JElecfromotim . Force. 

Sources]Jol 4. The “ electromotive £o»ce ” necessary to produce a current 

current, ean he obtained from — 

(a) Primary batteries of one or more cells, either wet ” or 

“ diy.” 

(b) Accumulators (or secondary cells). 

(c) Generators, driven by hand or power. 

In (a) and (h) chemical energy is converted into electrical 
energy, and in (c) mechanical energy is converted to electrical 


energy. 

Por telegraph work and the speaking portions of telephones, 
primary batteries are generally used, and in the field they are 
always used. 

Secondary batteries (accumulators) are used in large civil 
telegraph offices and telephone exchanges. 

Generators driven by steam or oil engines, &c., are used for 
[ producing large currents for lighting and power purposes, and 

I for “ charging ’’ accumulators ; small hand generators are used 

I for ringing bells in telephone work, 

: The cell or generator corresponds to the pump in the water 

circuit, and one or more are used in each circuit, according to 
circumstances, 

: Simple h. The simple cell consists of two dissimilar metals immersed 

’ primary cell, in an acid solution. The metals first used were zinc and copper, 
and the plates in a cell are often I’ef erred to as zinc and copper, 
even though they may be actually constructed of other materials. 
If the zinc and copper are joined together by a conductor’’ 
outside the containing vessel, a curre:fb will flpw in the con- 
ductor and through the cell (Fig. 2). 

Details of cells in use, and their peculiarities will be con- 
sidered in Chapter 11. 

6. If the pump in the water circuit be reversed, the water 
will flow in the reverse direction, and the same thing occurs 
with the electric current, as may be shown by the magnetic 
effect mentioned above ; if a magnetic needle be placed near 

: — — — _ — — 

^ Tke case of water flowing from a higher point to a low^r one can only 
gire a, temporary ^current, as the water will only flow till the cistern at the 
higher point is empty, and, if the current is then to be continued, a second 
- •- ^ 




f lflreofcion of 
current and 
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€HAP? I.] ^ SIMPLE CIBCUltB, 

the comfuctor, it will be found th^t the direction in which if 
moves depends on whfch end of the conductor is joined to the 
zinc and which to the copper. 

Conventionally it has been agreed that the current flows 
from«the copper to the zinc outside the cell, and from the zinc 
to the copper inside the cell. The copper or corresponding ^ 
plate is usually called the positive ( + ve) and the ziijc the 
negative (— * ve) plate or pole ’’ of the cell. 

7. The current of water flowing in a pipe can obviously Strength of 
vary in strength ; the larger the pipe, the shorter its length and current, 
the stronger the pump, the morei' water will flow past any 
point in a given time, 'i.e,, the larger the current, Sfote that 
the current of water conld be measured as so many gallons 
per second, but not merely in gallons. 



The strength ot the electric current can also be varied, and 
consequently the magnitude of the effects it produces. This 
variation can be shown by the amount of the deflection 
produced on a given magnetic needle, or the amount of 
chemical action pi*odnced in a given time when the current 
flows through an electrolyte. In both cases the greater the 
current the greater the effect, other things remaining the 
same.* 

The strength of the electric current depends on two 
things — the amount of the E.M.F. and the “ resistance of the 
circuit. ^ , 

* Simple Circuits, 

8. When water flows through pipes the friction of the Eesistance. 
water against the sides of the pipes offers a certain amount of 
resistance to the current, this resistance depending on (among 
other things) the size of the pipe, and the smoothness of its 
* surface, if the pipe is closed by a piece of metal;, this metal 
• offers an infinite resistance, or, in other words, the current 
cannot flow, . 


* Tlfe rate of chejxdcal action is exactly proportional to the strength 
^ oLthe current nroducme: it. The amount of the deflection of the magnetic 



■Co'jQ.cfectOl’S.: 

and 

insulators. 


Factors 

goT«rniBg 

resistance. 


resistance. 


10 SIMPLE CIECUITS. , [CUU-P. I. 

^ Similarly, all materials offer greater or less resistanJ'e to the 

electric corrent. 

9. Those materials whicli oft'er comparatively little j,*esist- 
ance to an electric current are called conductors, and those 
v/hich offer a very high resistance are called insulators, oi“ 
non-conductors. ^ 

Metals, their alloys, carbon and electrolytes’^ ararall con- 
ductors. r 

The conductors most used in telegraph work are copper,, 
hronze, and iron. 

Other materials are all n^ore or less non-conductors, and the* 
iusnlating or non-conducting materials chiefly used in telegraph* 
work are glass, porcelain, shellac, indiarubber, ebonite, silk,, 
cotton, paper, air, (fee. 

It should be noted that air is an insulator, but that any 
porous material, such as paper, is a bad insulator when damp. 

A porcelain or ebonite insulator to carry a bare telegraph wire 
is made in the shape of an inverted cup, to keep a portion of 
the surface dry, and the porcelain is glazed to keep out- 
moisture. 

Insulating materials are used to confine the current to its 
proper path, and may be compared to the sides of a pipe* 
carrying water. 

10. The resistance of a piece of material depends on : — 

(a) The nature of the material. 

{h) Its length. 

(c) Its cross-section (i.e., breadth and thickness). 

(d) Its temperature. 

N'ote . — It does not in the least depend on the strength of 
the current flowing through it. 

11. Foi* a given material it is found that : — 

(i) The resistance varies directly as the leng'th, i.e.^ if yon 

double the length of a piece of wire you double its- 
resistance. 

(ii) The resistance varies inverse!/ as the cross-sectional 

area, if you halve the cross-secmonal area of a- 
wire of given length you double its resistance. 

The effect of temperature on resistance is so small that for 
telegraph purposes it may be disregarded. 

The above laws hold equally with conductors and insulators, 
but to show^the difference between them it may be staled that^ 
if the resistance of a piece of copper is one miiiioiith of a unit * 
^ (see below), ^:h^ resistance of a similar piece of ebonite would 
be about 20,000 million million units. 



ohm’s iaw. 
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12 . T« enable practical electrical measnrem exits to be taken 
it is necessary to lay dPown certain standards to ‘wbicb Tarions 
amounts can be referred, just in tbe same way that v^e 
measure length in yards, or water in gallons. Tbe yard and 
galloi^are termed “units ’’ of length and volume respectively. 

The chief units used in electrical measurement are : — 

Unit f)f E.M.F. ... ... ... The volt (r). r 

Unit of resistance ... ... ... The ohm (cti') . 

Unit of current ... ... ... The ampere (a.). 

Unit of quantity ... ... ... The coulomb. 

Unit of capacity ... ... The farad. 

Unit of power ... ... ... The watt. 



The actual values of these units, based on theoretical prin- 
ciples which need not be considered here, have been determined 
scientifically with great accuracy. 

The methods of reproducing' these standards for practical 
measuring work, and the methods of measuring electrical 
quantities are given in Chap. XX. The following examples 
will give some idea of the values of these units : — 

The E.M.F. of one Daniell cell is just over 1 volt, and 
that of a Leclanche cell just over 1| volts, the E.M.E. of the 
service generator used for search-light work is about 80 volts. 

The resistance of a mile of copper wire used for telegraph 
lines and weighing 100 lbs. to the mile, is 8*7 ohms. The 
resistance of a mile of 3-strand bx’onze wire used by the field 
telegraph unite, is 12 ohms. 

The ampere is the current produced by an E.M.E. of 1 volt 
through a resistance of 1 ohm. The current used in a 
16-candle power 60-voIt electric lamp, as used in search-light 
emplacements, &c., is about 1 ampere. The current xised in an 
ordinary telegraph line is about -5^- of an ampere or less. 

The conlomb is the quantity of electricity which flows past 
a given point in a circuit when a current of 1 ampere flow^s for 
1 second. 

These units are inconveniently large, or small, for some 
pui'poses, and the following prefixes are used to designate 
multiples and submultipte : — 

Meg, means a million, e.g.^ megohm is a million ohms. 

Kilo, means a thousand, e.g.^ a kilowatt is a thousand watts 
( = about 1 and ^ horse power) . 

Milli, means a thousandth of a, e,g., a milliampere is 
1/1,000 of an ampere. 

^ Micw, means a millionth of a, e.g,f a microfarad is 
» 1/1,000,000 of a farad. 

13. The relationship^ betw^^en amperes, volts, and ohms is Okna’s law. 
expressed in Cthm's law, viz. : — 

^ relationship expressed by Olrni’s law and considered here is not 



Water 
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E.M.F. (in Tolts) ‘ 


Current (in amperes) = T^M^ance (in ofiiS) ’ 
or, shortly, C 


,E 

R' 


This equation may also, of course, be expressed 


E=|, or E 


OR. 


Kote that R represents«'the total resistance of the circuit, 
which may be the sum of several resistances, such as instru- 
ments, wires, and the battery resistance. 

This law simply states tiiat the current is proportional to 
the and inversely proportional to the total resistance ; 

in other words, if we double the E.II.F. (leaving the resistance 
.the same) we double the current ; if we double tbe resistance 
(leaving tbe E.M.F. tbe same) we halve the current ; if we double 
both E.M.F. and resistance we leave the current unaltered. 

]N'ote that the E.M.F. has direction, and that if we add 
another cell to increase the E.M.F. we must connect it the 
right way or its E.M.F, will oppose the original E.M.F., and 
decrease instead of increasing the current. 

14*. In the case of water in a pipe the same sort of thing 
applies, only the relation is not so simple ; it is, however, obvious 
that if the pump is worked harder — i,e,, the propelling foi*ce is 
increased, more water will flow in a given time, or if the pipe 
is made smaller, or partially blocked (resistance increased), less 
current will flow. If two pumps are working together more 
water will flow, provided they assist each other, but if two 
similar pumps are worked in opposite directions no water will 
flow at ail. 

Divided Circuits, 

15. If instead of one pipe we have for a portion of the 
circuit two similar pipes, as between A and B, Fig. 3, the water 
will divide, and flow equally in both jpipes, and the resistance 
will be less than if only one pipe was there, c If the branches 
were unequal more water will flow in the larger one, and if the 
one is very small it will not have much effect whether it is 
there or not. Rote that if a second path is added, however 
small, it cannot increase the total resistance, but must diminish 
it, even if only slightly. 


or to rapidlv wbrating currents such as are used in telephony and 
“ vibrating ” telegraph instruments. these cases account has to be taken 
of the capacity” and self-induction” of the circuit, and^he “ frequency” 

Of the vibrating or alternating eurrent; the detailed relatioashipsnn these ' 
cases are too complicated for. consideration here, but the general effect|^ 
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The game e:ffiect is observed in an electrical circuit : if 
or more similar paths gre provided the current divides 

and the combined resistance of n similar 


resis^nce of any one branch. If the 
current will divide in the ratios of 



separate branches, and the total conductivity is equal to the 
sum of the conductivities of the separate branches. The 
conductivity of a portion of a circuit is the reciprocal of its 

resistance, -i.e., if its resistance is H its conductivity is 

16. Consider the circuit represented in Mg. 4, The Calculations 
current divides at A into four paths, whose respective resistances divided 
are R,, R^, Rs, and R 4 . 


TPr^l A 
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■ ■ • ■ ■ ■ ■ '■ f’ 

Let R stand for combined resistance. Then, renf embeiing 


that coiidactivity 


If all the branches are of equal resistance, we get 


or, in words, the combined resistance of 7i equal bi’anehes is 

-th of their individual resistance. 

The case of two brandies occurs frequently in practice. 
Here ■ 

l=l + i and R = -|i^. 

H Ri Jd 2 Ri + Rs 

If E be the E.M.F. of the battery, and the resistance of the 

leads and internal resistance of battery be ignored, the current 

■ 

flowing G = — , where R is the combined resistance of Ri, R 2 , 

Ea, Ri, and the proportion of the total current flowing in each 

branch will be C x C X C X C x 5. ^ respectively. 

Ri R E 3 R 

The student should apply different numerical values to the 
above symbols and work out a few exercises in divided circuits 
for himself. 

It should be noted that — 

fa) The combined resistance of a number of branches is 
always less than that of any individual branch, 

(b) When, of two branches, one has a very high resistance 
and the other a very small one, the combined resistance will be 
nearly equal to the latter. 

17. A practical example of the application of the above 
principles is to be found in the calculation of ‘‘shunts.^* Sup- 
posing it is desired to reduce the current passing through a 


Shunts. 
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gaivanoi^eter, this can be done by joining it in parallel with 0 
resistance (Fig. 5). i*Now what must be the value of this 

resistajice in order that th of the total current may pass 

throngh the galvanometer, whose resistance is G ? 

Since -th of the total current is to •pass through G, the 

' , # , 


n — 1 

u 


th must pass through S. Therefore 

I 

Conductivity of gal vo. • 
Conductivity of shunt ' 

n 


-I ’ 


but 


Conductivity of galvo. 
Conductivity of shunt ‘ 


G 


G 

1 

'S 


s 

G ’ 


and the combined resistance of S and G 


therefore S = 

70 i. 

equals 

If values 10, 100, 1000 he successively applied to n, and 
the value of G be 1000 a?, the corresponding values of S would 

^ 1000 1000 _ 1000 . 

999 ~ combined resistance or 

S and G, 100 w, 10 w, and 1 


Barth Eeturm, 


18. The earth is largely used as a conductor for telegraph 
purposes ; it has such a large cross-section that its resistance 
is in practice very small, provided the connection between the 
earth and the rest of the circuit is good. 

The advantages in telegraph work of using an earth 
return,’^ instead of a second wire, to complete the circuit, are 
that only half the length of wire is necessary, and the resistance 
of the circuit is largely reduced. 

Earth returns are, however, not suitable for telephone work, 
when good speaking is required oyer long distances, but can 
be used for short distances, especially in the country, well 
^away from other wires carrying electric currents; they are 
often so used for military work in the field wheif a complete 
* metallic circuit would require more time and njaterial than is 
available. ^ 

19. If in'*fche ’case of water in pipes, we hav6| instead of a Water 
oompfete circle of pipes, one long pipe, each end of which is analogy. 

^ inserted in a Ig^rge lake of water, the water will flow through 
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and divided cii 
defective insulj 

resistance- means 
insulating medium ih t 
an earth return, betwee 
resistance that ' 
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sappoifs, the air being nearly a perfect insulation, and at each 
support a very smlill portion of the current leaks away, 
espe<^ally during wet weather, and the same thing would occur 
in the pipe circuit if the joints were defective. The more 
nui^erous the supports the greater the leakage would be, and 
the lower the insulation resistance of 4he line, the insulation 
resistance of the line being inversely proportional to its iength. 
{See Eig. 7.) • 


Em. 7. 


22. If the insulation resistance falls very low, t.e., if the Earthy ” 
leaks become large, the line is said to be ‘‘ earthy,^’ and if the liue. 
line becomes too earthy, communication is impossible. If the 
pipe has a large hole in it, this is etjuivalent to the line making 
'electrical connection to earth, the line is said to be “dead 
earth,’’ and it will be seen that all, or practically all, the water, 
or electric current, will flow through the hole or earth fault, 
back to the pump or battery, and none will go through the 
instrument at the far end of the line. 

ISTote that if a line is earthy its resistance as measured from 
one end is less than if the insulation is perfect, and con- 
sequently more current will flow from the battery, but less will 
reach the instrument attthe other end. 

A complete investigation of the effects of line leakage, &o,, 
is too complicated for inclusion hei’e. 

28. An instrument, or portion of a circuit, is said to be Short circmt. 
^ort-circuited when an alternative path for the current is 
provided round the instrument, and when this path has such 
^ •a low ^resistance that practically all the current j9.ows round 
J . this path, and little or none through the instrument ; a “ dead 
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FALL OF POTEafTIAL. ^ [OliAP. I. 

: : O: ' , » 

"Fall of Potential* • 

Water 24. So far we liave only considered a complete circuit, with 

analogy. a cell or pump creating a difference of pressure between its 
two sides, and although a complete circuit is necessary in oyder 
.. to maintain an electric i^urrent, it is of importance to consider 
also parts of the circuit. If a current is flowing in anj«portion 
of a circuit'there must be a difference of pressure between the 
ends of this portion. This can be illustrated by the following 
water analogy (see Fig. 8). A is a tank of water filled to the 



level B and Tzept filled to that level. From the bottom of the 
tank runs a level pipe, 0 D, of uniform sectiom At intervals 
along this pipe are inserted vertical tubes, open at the top, as 
at E, F, G-, H. The height of the water in these tubes shows 
the pressure, or head, of the water at the points E, F, &e. If 
the pipe be closed at D, so that no current flows, it will be 
found that tj^e water stands at the same level in the tank and 
in all the pipes, the top of the water being on the horizontal 
line B L, shcjsvmg that.the pressure is the same all along the, 
'pipe CD. If we now fully open the pipe at so that a 
enirent flows,' the water in the vertical tubes will fall^until . 
a steady condition is reached. When this happens there will 
be no, pressure at D, the pressure at the points »E, Fj, will 
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fall, anft it will be found that tHe top of tbe water in tbe tubes 
will lie on a straight line B B, showing that there is a gradual 
fall i;p the pressure, depending on the length of the pipe. 
The difference of pressure between any two points is show^n 
by “^le difference in level of the water in the tubes at those 
points. ♦ 

If the pipe is partially closed at D so that the curs^nt is 
reduced, the top of the water in the vertical tubes will still he 
on a straight line, hut on some line B M, and it wdll be found 
that the greater the current the nearer B M gets to B B, and 
the less the current the nearer B M gets to B L. In other 
words, the smaller the current, the less the difference of pres- 
sure hetiveen any two given points, but as long as a current 
flows at all there must be some difference of pressure between 
any two points in the circuit. 
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Fig-. 9. 

25, The same fall in pressure occurs in an electrical circuit Electrical 
when a currexit is fl.owing. This pressure is generally called circuit. 

potei^ial,’’ and is measured in volts, which corresipond to the 
feet “ head ” used in measuring water pressure. This can be 
represented graphically in the same manner ^s«the fall in ^ 
water pressryje. In Fig. 9 AO represents the wlmle resistance 
of thq^circuit, A is the point of maximum potenfial (which is 
in the cell close to the zinc plate), and B is the point of lowest 
n<ytentiaL(whi<fh is the zinc terminal of the cell)* A 0 is the 


HEATING EFFECT, 
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resistance o£ the cell itself, C E, E F, <&c., of other poAions of 
the circuit. Aa represents the E.M.F. of the cell, and aD the 
rate of fall of potential in the circuit. The length o^ the 
vertical lines through each of the points C, E, i&c., gives the 
potential at that point, and the difference of potential betijr^on 
any two points is rep»f,sented by the difference in the lengths 
of thewerticals drawn from them. r 

^ ■ « , . . * E.M.F. aA 

The current flowing in the circuit is 

(as a A and AD are drawn to scale), and since a AD and e^f are 
^similar triangles, 

aA eh 


AD ~ hf 


hut eh represents the difference of potential, and hf the resist- 
ance between the points E and F, hence 

Carrent = for any two points in a 

resistance 

circuit. 

Hence we can say that in any portion of a circuit where a 
current of C amperes is flowing, and whose resistance is 
R ohms, a difference of potential of Y volts will exist at the 

_ - 1. n _ Y r\ r> rm_.* 


ends of the portion, where C : 


This difference 


•of potential Y is the pressure lost in forcing the current, 0, 
through a resistance, R. 

If in Fig. 9, AO represents the internal resistance of the 
•cell, then C will represent the -fve terminal (as already stated 
D is the — ve terminal). The difference of potential at the 
terminals of the cell will therefore be represented by Cc, and it 
will be seen that this must always be less than the K.M.F. 


of the cell as long as a current (however small) be flowing. 


however, the line aD be nearly parallel to AD, i,e,, if the 
external resistance CD be large compared with the internal 
resistance AC, the difference of potential at the terminals 
of the cell will be very nearly equal to the E.M.F. of the cell. 

The term electromotive force is generally reserved for the 
maximum potential difference created Ky a cell#or genemtor, as 
shown by Aa in Fig. 9. When we say that an E.M.Bl exists 
in a portion of a circuit we mean that an actual source of 
pressure, such as a cell, exists in that portion of the circuit. 
An E.M.F. may exist when no current is flowing. 


Meaiiifig JSffect of Current , ^ 

'I ^ 26, Although the heading effect of curi^ent is of immense 

i'; ■ importance in electric lighting, the only case%.in practical 

;; telegraphy in'^ which it has to be considered are those in; 5 vhich 

large batteries of low resistance are being used. If such a 
battery, he connected through coils of fine wire o?f not;very high 
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resistance, the current may be large enough to heat the coil 
sufficiently to fuse il, or to damage the insulation. Care ^ 

should therefore be taken never to use a battery much more 
powerful than is necessary for the work in hand, and special 
care^must be taken when using delicate testing instruments, as 
their accuracy may be affected by a cctnpara tire ly small rise ^ 
in temperature. ^ 

As a good rough rule, the maximum current tlfe/t may be 
passed through a copper conductor with a cross-sectional area 
of 1 square inch is 1,000 amperes, and for other sizes in 
proportion. • 

27. The amount of heat produced- in a conductor is proper- Eisein 
tional to the work done by the current in overcoming the temperature 
resistance of the circuit, in fact the whole of the energy in an conduefcar. 
ordinary circuit is expended in heating the conductor. The 

work done is proportional to QY where Q is the^ quantity of 
electricity that has passed, and Y the difference of potential 
through which it has passed. The rise in temperature of the 
conductor, which is the important point, depends on the raie at 
which heat is produced by the current, on the rate at which the 
conductor can cool, and on the material of which the conductor 
is made. The rate at which heat is produced is proportional to 

where t is the time taken for the quantity Q to pass, this 

can also he written GY or C^R, where 0 is the current flowing, 
and R the resistance through which ifc has flowed. The rate at 
which the conductor cools depends on its nature, its shape and 
its surroundings. 

Magnetic JEJffeot of Current, 

28. It has been pointed out that; a conductor carrying a 
current affects a magnetic needle in its vicinity; in other words, a 
current produces a magnetic effect. This effect is of very great 
importance, as on it depends the action of every telegraph and 

‘’’""'^telephone instrument. 

29. To understand the magnetic action of a current it is 
gy/ necessary to explain the properties of a simple magnet. 

If a bar of ^eel be rffagnetized, and then suspended so as to 
j move fi'eely in a horizontal plane, it will always set itself 
I pointing approximately north and south — this is the ordinary 
^ compass needle — and if the end pointing north be marked, it 
y will be found that it is always the same end that points north. 

If a second magnet be taken, and the north-seeking end marked 
• and bi^nght near the first magnet, it will be fonsnd that the 
♦ two north-seeking ends repel each other, the two south-seeking 
ends repel each other, and eitljer north-seeking will attract , 
either sonth^eeeking end. It* will also he found that either end 
will attract any piece of iron brought near it. 

^ These properties reveal magnetic forces starting in, or near, 
jS:^euds ctf a lAgnet ; these ends are called the poles. The end of 
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the bar which points north is termed thenorth-seekin,£^for more 
commonly, though less opri^ectly, the nortli pole of the 
magnet, 

oO. If a rod of soft iron is brought near a peniiaiient 
magnet it will also hehaye like a magnet, tb.e end near the woi*th 
pole of the magnet hiKsoming a south pole and vice versd. If 
the red of soft ii’on be placed near (say) tbe north ^ole of a 
permanent* magnet, a north pole appears at the far end of tlie 
soft iron. In these cases the soft iron is said to be magnetized 
by “induction.’^ Its magnetic properties disappear at once if 
it is taken away from the magnet. The difference between tbe 
behaviour of soft iron and steel is that the latter is the harder 
to magnetize, but retains its magnetism when the magnetizing 
force is removed, while the latter looses almost the whole of its 
magnetism at once. 

31. Any space where these magnetic forces act is termed a 
magnetic field, and, this magnetic field at any point has direction 
and intenBity, or strength. The direction at any point is given 
by the direction in which a compass needle will point, and the 
force holding it in that position depends on the strength of the 
field. There is a magnetic field due to the earth, its direction 
being approximately north and south, with an inclination to 
'the horizontal which varies at different places. 

82. To obtain a picture of a magnetic field, tbe space where 
magnetic forces act is considered as mapped out into lines of 
magnetic force (hereafter called ‘Mines of force”). These 
lines give the direction of the magnetic force, and form con- 
tinuous closed lines or loops, Thei^e is, of course, one such line 
through every point in a magnetic field; but to get an idea of 
the strength of the field, it is assumed that (conventional Ij) the 
number of lines in a given area (at right angles to the lines) is 
proportioned to the strength of the field. Thus we say that if 
the lines of force are close together the field is strong. 

33. The lines of force of a bar magnet issue from the north 
pole, curve round to the south pole, and return to the north 
pole inside the magnet. The lines are densest, t.e,, the field is 
strongest, near the poles. The lines of foxxe can be illustrated 
by placing a magnet on a table, coveriifg it witji a stiff* piece of 
paper, and scattering iron filings over the latter; on gently 
tapping the paper the filings will set themselves along the lines 
of force. 

If a piece of soft iron is placed in a magnetic field, it becomes 
magnetized. The lines of force flow through iron much more 
readily thanr through other materials, or air, and tlferefore "" 
concentrate themselves in the iron, the total nambei’ of lines 
^ being also tereased by tbe prese;;ace of iron in tbe field. Thus 
by moving iron in a magnetic field the lines of f«i*ce are also 
moved, even though the cause of the lines remains the sanre and 
does not move. The lines of force due to one or two systems 
of magnets, .as given by filingis. are shnwti i»-i TWml' ia 
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34. electric current flowing along a conductor produces Meld due 
a magnetic fleld> and the lines of force of tins field form closed a current, 
loops jL*oniid the conductor ; in a long straight conductor the 
loops are circles round it with the conductor in the centre. The 
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field ceases #o exist when the* current ceases to flo^w. Tlie force"* 
due a current in such a conductor is distributed over the 
^hole length of the tsrire, and thus thoue-h the total to-no/a moTr 
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This can be shown by placing a wire above a conipasl needle ^ 
and pointing along it (ie., the wire musf be lying north and 
south). If a current be now passed along the wire the needle- 
will he deflected and will try to place itself at inght angles to 
the wire, i,e., along the lines of force. The magnetism due to 
the earth will oppose «this deflection, and the amount of tlie 
deflection will depend on the relative strengths of the two fields. 

The direction of the deflection depends on the direction of the 
current and may he determined by the following i*ule : “ Imagine 
yourself swimming along the wire in the dmection of tlie 
current and facing the needle, the north pole of the magnet 
will be deflected to your left (Mg. 11). If the wire be bent 
round so as to pass x'onnd the needle (Fig. 12) it will be seen 
from the above rule that the portions AB and CD of the wire 
will tend to deflect the needle in the same direction, hence the 
two portions of the circuit assist each other and the effect is 
increased. Similarly, if the wire is wrapped several times 
round the needle, if the needle be inserted in a coil, the 
effect is still more increased (Fig. 13). This is the principle on 
which the ordinary galvanometers are constructed. 

35. If the wire is wound into a close helix, called a solenoid, 
the lines of force thread the helix as shown by the dotted lines- 
in Fig. 14, and the helix has all the properties of a bar magnet. 

It is found that the “polarity’^ of this coil depends on the 
direction of the current flowing in it ; if the direction of the' 
current is reversed, the end of the coil that was north-seeking 
becomes south-seeking. 

36. If a bar of soft iron is inserted in the coil, the magnetic 
effect is enormously ihci’eased. This bar of soft iron becomes 
a powerful magnet when a current flows, but practically ceases 
to be a magnet when the current stojxs. Such a piece of iron 
with a coil wound round it is called an electi*o-magnet. 

This arrangement is the basis of a large numbet' of telegraph 
and telephone instruments, in which an electro-magnet alter- 
nately attracts, and ceases to attract (or repels) a moveable- 
piece of iron or steel called the ‘‘ armature.” 

The pull exercised by a magnet on a piece of iron can 
be increased by bending it into suclf a shap# that the two 
“ poles ” are close together. Such a magnet is often called a 
“horseshoe” magnet.” The iron inside the coil of an electro- 
magnet is called the “ core,” frequently two straight electi^o- 
magnets are combined to make a horseshoe magnet by joining 
two adjacent ends of the cores by a piece of soft iron called the 
“yoke.” 

S7f The exapt force exerted by an electro-magnet on a piece 
iron at a gF>en distance depends.§n so many things, such as the 
exact shape of. the magnet, the quality of the iron,^<&c., that it 
Cannot easily he calculatfed; but it has been found that the 
shape, &c., are the same, and the space filled by the coil is thp^ «*w 
,same, the force is ptsieticmlly; proportional to the<^rength of 
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It matters yery little -wiiether the turns of wire are all on 
one ooil, or whether they are on several, and the nositiou of the 
coils on the core also matters little, ^ ^ 

38. If the ends of the core are bent round so that they 
touch, or if they are joined by a piece of iron, the cor6- will 
allots magnetism, even though the current 
a very siinrll gap in 
the magnetism ^ disappears : .very • 
ceases. . I^be . magnetisni ' reniaining' 
ceases is called the ‘‘rosidnai” 

( important, ill all instruments with an 
moving armature, that the arinatura does 
01 *', it' , will'probably ' ■.■■■ 
ruments.' are' 'fitted': 


Eesidual 

magnetism, 


ceases, to flow. If, howevex*, there be even 
the continuity of the iron, 
rapidly when the current 
in the iron when the current 
magnetism. 

It is, therefore, 

electro-magnet and : 

not actually touch the cores of the magnet, 
stick when the current ceases. Some^ insi 
with a brass pin or stud at the end of the co 
The more nearly complete the iron “ma 
stionger will be the effect of a sfiven curr 


round it, but it will take lougeu 

magnetised and demagnetized, in fact the greater will be the 
self mduction;* (see p^-a. 54). For rapid work, therefore there 
must he gaps in the iron circuit, even though some of the 
sensitiveness of the instrument is thereby lost ^ 


n, , , is thereby lost. 

the cores of electro-magnets are often made either of 
i of soft iron, or of bundles of ' ’ - 

s being to allow them to magne — 
reasons why this assists the rapiditjr of the 
?plained here. 

^ ® P’P® nothing anal, 
etie effect, hut the use of the magnetic effect 
, d_p work by moving an armature or ga’ 
mis effect can be produced by the water. 


a split 
re, the object in both 
demagnetize quickly, 
■^’■0 action need not 

agous to a 
, of a current 
:al variometer needle, 
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is tlie feect produced in a galvanometer, or in moving tlie 
armatnre of a sounder or otlier telegraph instrument; 
IN’ote 4:hat the movement of the weight indicates the direction 
of the current, and the greater the current the further will 
the nveight be lifted, also that when the current ceases the 
weight falls back. # 

• # 

Chemical Uffectn • 

40. If two copper plates be inserted in a vessel containing 
a solution of copper sulphate, and a current passed through, it 
will be found that the plate at whith the current enters will be 
gradually dissolved away, wbile copper will be deposited on the 
other plate. If the plate at which the current enters be made 
of carbon or platinum, the plate Aviil not be dissolved, but the 
copper sulphate will be decomposed, and the copper deposited 
on the plate at which the current leaves, while sulphuric 
acid will be formed in the ceil. This is called electrolytic 
action. 

A similar effect is observed with most other compounds, the 
metal always appearing at the plate at which the current leaves 
the cell. 

This effect is used for electro-plating, <fec., and also forms a 
method of measuring current, the amount of metal deposited 
being proportional to the quantity of electricity passed through 
the cell. A current of 1 ampere flowing for 1 second one 
coulomb of electricity) will deposit *0003281 gramme 
(1,000 grammes are about 2*2 lbs.) of copper from a solution 
■of copper sulphate, or *001118 gramme of silver from a solution 
of silver nitrate. An instrument for measuring current by this 
method is called a voltameter/^ 

Batteries utilise what may be called the inverse of this 
chemical action for producing a current. 

41. The only case where this chemical action aflects tele- 
graph working is when working on, or testing, underground or 
submarine cables. If there is a slight fault in the insulation, 
making earth, and a current is passed from the conductor to 
earth, any moisture present will be decomposed, and oxygen will 
be freed at thetsurface of the conductor. This will oxidise the 
surface of the conductor, and, as oxide of copper is an insulator, 
this raises the resistance of the fault. If, on the other hand, 
the current flows from the earth to the conductor, this oxide is 
reduced, and the resistance of the fault is lowered. For this 
reason the — -ve of the battery should be connected to line when 
testing covered wire or cables for insulation ; dtherwise the 
existence of small faults may not be apparent. ^ 

• . ^ ' 

^ Caijacity and Condensers, • 

^ 42. So far we have been considering simple straightforward 
# currents €>f elictrioitv a.. n. /• 
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pipes witli rigid walls ; but a circuit li^s, under certain con- 
ditions, important properties in addition to tliat of resistance, 
one of which is known as “ capacity/’ ^ 

43. An idea of capacity can be obtained by its water analogy. 
Suppose a closed tank is inserted in tlie conducting pipe, f and 
tbat an elastic bag is ^ed on to the entering pipe aa shown iii 
Fig. so as to close tbe pipe, the pipes and tank beirrg full of 
water. If«water be now pumped in at A the bag will^ stretch, 
and water will enter it, but at the same time an equal quantity 
of water will be forced out at B, but no water will pass from 
A to B. The amount of water that will flow into the bag 
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depends on tbe size and nature of the hag and the difference of 
pressure between A and B ; the amount of water that is forced 
into the bag at some standard pressure might be called its 
capacity.” If the circuit be blocked at either A or 13, no 
water can be forced in at A, and if after the bag is expanded 
the circuit be blocked at either A or B, no water can flow, and 
the bag will remain expanded. If A and B be then connected 
the hag will contract, and water will flow out from A and in at 
B until the pressures at A and B are again equalised. 

44. The corresponding electrical contrivance is called a 
“condenser,” and consists, generally speaking, of two con- 
ductors separated by a layer of insulating material, and its 
action is precisely similar to that of the elastic bag described 
above. 

If too great a pressure be exerted between A and B (Fig. ,1 6) 
the hag will burst; similarly, if too great a difference ot 
potential be applied to the two conducfors of aiji electrical con- 
denser, the current will spark across, and the condenser will be 
damaged. 

45. If a condenser be inserted in a line as shown in Fig 16, 
a gradually decreasing current will flow until the condenser is 
fully charged and will then cease, but if the condenser be 
inserted as shown in Fig, 17 at A, there will be a rush of current « 
through A till the condenser is charged, while the current will 

^fiow round B m the usual manner. When the condenser is 
fully charged the current flows round by B as if bo condenser • 
existed. If the pump now stops, the water will be forced out 
from A upwards and in towards A from below, providing there 
be a path connecting the two sides of A. ^ ^ 
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46. ffc is found that the amount of electricity that can pass Unit ^ 
into a condenser is* exactly proportional to the electrical capacity, 
pressq^’e at its terminals and the “capacity ” of the condenser 
— the latter depending on its shape, size, and the materials of 
whicsih it is made. 

The unit capacity is defined as thai capacity which will 
hold a charge of one coulomb when the difference of pr^sare ^ 
between the terminals is one volt, and is called a farad. 

A condenser of this capacity would be of enormous size, 
•condensers in use are measured in microfarads, in 

millionths of a farad. The condej^iser used in telegraphy (for 
•duplex working) has a capacity of 7:1 microfarads. 



47. An electrical condenser always consists of two con- ^cnstructioi 
•ductors placed close together and separated by an insulator. condense 
The larger the surfaces of the conductor, and the closer they 

are, the larger the capacity. Service condensers are made of 
alternate layers of tin foil and paraffined paper or mica, every 
alternate layer of foil being connected together and to one 
terminal. 

48. In practice, every line Las a certain capacity, the wire Capacity of 
and the earth forming %he two conductors. It is, however, hne. 
only when the line is long, or the wire close to earth, as in 

cables, that the capacity is appreciable. 

The capacity between aerial wires and earth is about 
*014 microfarad per mile, but between underground wires and 
earth about *3 microfarad per mile. 

*" 49. «The effect of capacity in a line is that wheu^ the circuit Effect of lin 

is first completed there is an extra rush of current, and when capacity, 
the circuit is broken this current will flow Suh again, and 
though the current flowing fr5m the battery is at first greater 
than tjae normal, the current arriving at the far end is smaller. 

The practical results of these effects on telegraph working are 
^liown in Chapters para. 8, and YIT. nara. 1 0. 
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Induction and Induction poils. 

50. It; is found that, when a conductor is moyed in 
a magnetic field, so as to cut lines of force fsee para. 32), an 
E.M.R is “induced’' in the conductor, and, if the conductor 
be part of a closed circuit, a current will flow in it. This is 
the principle of the flectric generator. The direction of the 
induced current depends on the direction of the Hues of force 
and the (firection of motion of the conductor. The following 
rule gives the direction of the induced E.M.F. “ Hold the 
thumb, first finger, and the remaining fingers of the right hand 
at right angles to each other, as in Fig. 18; point the fbst 
finger in the direction of motion of the conductor, and the 
remaining fingers in the direction of the lines of force, then the 
thumb will point in the direction of the “ E.M.F.” It is not 


Induction 

(electro- 

magnetic). 
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RIGHT H. 


nece^ary that the conductor actually move : the same result is 
obtained if the lines of force move, the essential being that 
lines of force cut (or pass across) the conductor. The 
magnitude of the E.M.F. depends on the number of lines of 
force cut per second. 

If a rectangle of wire be placed<jin a magnetic field, as 
shown in Fig. 19, and then rotated about an 'axis 00 in the 
direction shown by the a,iTOw at A, the portion AB will out the 
lines of force in a downward direction during the first half 
revolution, and, if the lines of force are in the direction shown, 
by the arrow heads, an E.M.F. will be induced in the direction. 
A to B. A^ the same time the portion CD will be cutting the- 
lines . in an upward direotipn, and an E.M.F. will be induced in 
it in the dir|ctton 0 to D, If the rectangle he closed, a current 
win flow in the direction. AB<?D, the B.M.F.’a, in the two 

B 'aons AB and CB assisting, each other. During the second 

J®. nipvmg upwards, aud the' 

E.M.lPi.iindttcedie^ B 'to.A,, andtheidiPectioHiOf tlta ' 
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cm'rent i» now BADO, the portion CD assisting as before. The® 
portions AI) and BO db not cut the lines of force, and have 
therefore no effect on the E.M.B. 

Thus we see that an alternating current is induced in the 
wire it x^evolves, the direction of the current reversing every 
half -re volution. If the rectangle of wi|*e be opened at one 
point and^the ends joined by sliding contacts to an external 
circuit, the current will flow along this circuit. If mpre turns 
be taken round the rectangle, the E.M.P. produced will be 
correspondingly greater. This is the principle of the 
“ generator.” ^ 



51. We have seen (para. 34) that when a current flows along Mutual 

a conductor, lines of force exist round it, and as long as the iuductiou.. ; 

current remain steady the lines do so also. If the curi*ent ; 

stops, starts, or alters its value, the lines shrink into nothing, . . , 

spring into existence, or move. Hence, if two wires run along . i 

near each other, and a current starts in one, its lines of force i 

cut the other, affd a current is induced in it (z.e., if it forms 
portion of a closed circuit). 

52. In telegraphy, these induced currents are so small that Effect of ; 

they do not matter, but a telephone receiver (Chapter X) is i 

such a delicate instrument that it is affected by these currents, i 

^nd if a telephone wire runs for any distance close to a telegraph ! 

wire, a noise is heard in the receiver evei^y tiine the current i 

starts or stops in the telegraph circuit, and thi| may very. I 

seriously interfere with the speaking. If two telephone wires ^ ; 

run together lor a long distance, a similar interfierence takes i 

place, and, as the telephone currents are continually altering^ ! 

heir values, th^ lines of force are continually moving, and a 
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person listening to a receiver inserted in tlie second'* line rnaj 
even hear the whole of the conversationT carried on in the first 
wire. 

It is largely owing to this that earth returns cannot he used 
for telephone work (see para. 18). The overhearing is got over 
by using metallic cii^uits and arranging that the induction in 
the |?ne wiz’e is neutralised by the induction in the return wire. 
The way this is done in practice is explained in Yol. II. 

53. If the two wires are placed very close together for a 
considerable length, as can be done by winding them together 
into a coil, the induced curpi’ent can be made much larger, and, 
if the coil has an iron core, the effect is still further largely 
increased — this is the induction coil as used in telephone work 
(see para. 63 and Chapter X). 

54. When a cnri'cnt flowing in a circuit stops, the lines of 
magnetic force shrink into nothing, and in so doing cut the 
circuit and induce an E.M.F. in it. The amount of the E.M.F. 
depends on the current flowing and on the shape of the circuit. 

If the conductor is wound into a coil, each line of force will cut 
the circuit in many places, and a larger effect will be produced ; 
if the coil has an iron core, there will be many more lines of force 
and a correspondingly gi*eater effect when the current is stopped. 
The direction of the E.M.F. caused by self induction always 
tends to keep the current flowing, and if the cir‘cuit has a high 
‘‘ coefficient of self induction,’’ e.g., if it contains electro-magnets, 
this E.M.F. will cause a spark across the coixtacts when the 
circuit is broken. This spark may be reduced, or entirely 
prevented by connecting a condenser across the break in the 
circuit, or by shunting any electro-magnets in tho circuit by a 
high non-inductive resistance (e.y., the shunt coil in the later 
Post Office sounders. Chapter III, para 10). 

A similar effect is produced when tho current starts in the 
circuit, the E.M.F. due to self induction opposing the E.M.F. 
of the circnit, thus preventing the current from reaching its 
full value at once.* 

55. Self-indaction in an electrical circuit is analogous to 
inertia in a water circuit. If water be flowing rapidly in a 
pipe, and the tap be suddenly turned foff, the water is stopped 
with a jerk, and we get the effect known as a ‘"water hammer,” 
which may burst the pipe. 

56. We see above that an ox'dinary coil (Fig. 20), especially 
if wound on an iron core, has high self induction, and if also 
entirely enclosed in iron the effect will be even still greater. 
When self induction is required in a circuit (as in choking”'- 
coils, see Chapter XY), the core is often made of soft iron ^ 


The true form of Ohm’s law whehf a circuit contains self induction is 


^ ^ ^ "^here e » 2*718,.., Jj =« the coefficient of self in^luction, 
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wires, wlicli are bent round outside tbe coil, tlie ends meetiii, 
outside, or else tbe coi? is enclosed in an iron case. 


Fio. 20. — Inductive ’Winding. 


57. If two wires carrying equal currents, but in opposite Non- 
directions, are laid close together, tbe lines of force of tbe one inductive 
will practically neutralise those of tbe other, with the result 'poinding, 
that there will be no lines of force and no inductive effect. 

Hence to wind a coil so as to get no self induction, the wire is 
bent double and wound as shown in Fig. 21, and no iron is 
used. This is called “ non-inductive ” winding, and is used for 
resistance coils, &c. 


Fio. 21. — Non Inductive Windings. 


Hote that^ines of force ffona an external source will cut 
each h|^l£ of the winding equally, but in opposite directions, 
and thus create in the coil two equal and opposite E.M.F.'s 
wMcb will canc<il each other. 
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58. I£ an elecfcro-magnefe is wound, as shown in Flf 22, with 
two separate winding, AB and CD, tbe^ windings being’ of the 
same size wire, and wound together so that they are of the same 
length, resistance, number of tuxms, and mean divStauce from 
the core, the magnet is said to be differentially wnmnd. In this 
case a current in ABpwill have exactly the same magnetic olTect 
as an equal current in CD, and two equal currents, erne flowing 
from A to B, and the other from I) to C will have equal and 
opposite effects, and if both flow at once the net magnetic effect 
will be nil. 

This winding is adopted in many telegraph instruments as 
it is required for duplex working (Chap. VII). 


Differential 

%viridinff. 


Shielding 

coils. 


59. The outer iron covering mentioned above also acts as 
a shield, lines of force pass very readily along inside ii’on, and 
consequently very few lines from an inside source will paSsS out 
of the iron into the air outside. Similarly, linos from outside 
will not readily pass insside. This shielding effect has an 
importance in telephone exchange work. 


Vihratmg Currents, 

60. We have so far been considering currents that rise to 
their full value very rapidly and then remain steady for 
a comparatively long time — these are the currents used in 
ordinary telegraphy. As we have seen, they will not pass 
through a condenser, and self induction has only a slight 
retarding effect. 

In telephone working, and telegraph work on the 
''vibrator” system, which are described in Chapters X to 
XVI, the currents used are continually altering in value, or 
even changing direction, the vibrations being at the rate of 
several linndred a second. 

61. As stated in para. 54, the self induction prevents the 
current fi^om rising quickly to its proper value, airl conse^ 
quently if the E.M.P. producing ic has ceased before the 
current time to grow, little^ of it will have passed. This is 
what happens with rapidly Vibrating currenb^, and a coil 
having high self induction acts as if it had a very high resist- 

vibi^ting onrj*ent, eveiii theugh its time TesistaheC'' (iQ> 
a;s#eady current) is, low. By tMs’-ineaas wt oatji 


Xibmting 

curreiats. 
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cirdait oijsring a comparatiTelj low resistance to a steady* 
carreiit, bat an extre«iely higli resistance^ to a rapidly 
Yibratin^ or alternating current. 

This can be illustrated in the water analogy by placing a 
weighted valve in the pipe as in Pig. 15, In this case the 
valve will open freely to allow a steady oiir]jpnt to pa.ss through, 
but will of|er considerable resistance to spurts of current. ^ 

62. If a condenser ” be joined np in series in g. circuit, Effect of 
as shown in Pig. 23, a steady pressure only displaces the capacity on 
diaphragm or bag (in the case of water) slightly, and the current 
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Electrical. 


is stopped ; if, however, the water surges backwards and forwards 
in the pipe, the diaphragm A is set vibrating, as shown by the 
dotted lines, and if the condenser is of sufficient capacity, the 
vibrating current passes freely through it. 

By the use of a condenser we can, therefore, produce a 
circuit offering little opposition to the passage of a vibrating 
curx’ent, but offering an enormous resistance to a steady 
current 

63. As stated in para. 51, if two wires run side by side for Bidiietion 
any distance, and the current in the one varies its strength, a coils, 
current is induced in the other. If the current in the one is 
continually varying, there will be a similarly varying current 
induced in the other. If the two conductors are both wound 
into coils on the same iron core, the result is an induction 
coil ” (para. 53), and the two wires are known as the primary 
and secondary coils, a varying current in the primary pro- 
ducing a varying current in the secondary. 

If the primary coil has a few turns of thick wire, and there- 
fore a low resistance, a low^E.M.P. will produce a large current 
in it, and consequ<?ntly many lines offeree (the number of lines 
of force is nearly proportional to the ampere-turns). If the 
secondary has many tarns of fine wire, these lines of force will 
cut it many times, and consequently induce an E.M.P. which 
may he much greater than the E.M.F. in the primary circuit. 

this case the current will be much smaller, owing to the 
greater i^sistance, but if the secondary circuit has already a 
liigh resistance this does not matter. « 


. ^ Eesi^ance used in this sense should strictly be called impedeuoe,** and 

depends on the true resistance, the self-induction, and the frequency of the 
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The importance of the induction coil for telephcrre work is 
shown in Chap. X. . . 

It is important to note that an induction coil canpot create 
current, or energy. 

64. It slioiild here be noted that Ohm's law in its skimpiest 

■O' 

form (C == is ?)nly true when the wdio.Ic of the cnei’gy 

in the circuit is being utilized in heating the conductors. 

The work done in a circuit = QE when Q is the quantity of 
electricity which has passed through the circuit and E is the 
E.M.E. in the circuit, oiv. for a portion of the circuit with a 
difference of potential Y at its ends, the work done = QV. 

QY 


The power (or rate of doing work) 


where t is the 


time it takes for Q units to flow, or power (W) = OY. This is 
always true. When the whole power is expended in heating 
the conductors, Y = CR hence W = C^R. When a current 
starts to flow in a circuit containing electro- magnets, the 

current does not at once take up its value of ^ (see para, 54), 

consequently Y is greater than CR, consequently CY is greater 
than C^R. In this case C^R is the power used in heating the 
conductors and the rest of the power is used in energising the 
magnets, and moving the armatures, <&c. 

The unit of work, in this system of units, is the “Joule,’* 
and the unit of power the “watt;” a watt is a “joule per 
second,” and 746 watts are equal to one horse-power. ' 


CHAPTER 11. , 

BATTERIES. . ’ 

Action of Primary Gell. 

1, As stated in Chapter I, a source of E.M.F. is required to Simple cell, 
produce an electric current^ and this source of E.M,F. is 
frequently a ^‘primary’’ cell (sometimes called a voltaic cell). 

In its simplest form this consists of a plate of zinc, and a plate 
of copper immersed in dilute snlphuric acid. If the two 
plates are joined by a conductor outside the cell a current will 
iow. 

The energy required to produce the current is furnished by 
the chemical action of the acid on the zinc, the latter being 
gradually dissolved and zinc sulphate formed in the solution. 

The copper is not in any way acted on, and merely acts as 
a conductor connecting the external circuit to the liquid. j 

2. When a current flows through the cell and the zinc is Polarization* ^ 
being dissolved, hydrogen gas is liberated at the copper plate, 

and gradually coats it with a thin film of gas. This has two 
effects on the cell, io introduces a high resistance into the cell, ! 

and action between the hydrogen and the copper creates 

an B.M.F. in an opposite direction to the proper E.M.F. : 

of the cell. In other words, the resistance of the cell is 
increased, and the E.M.F. lowered. Both these effects reduce 
the cuiTent flowing", and in the simple cell the result of this i 

polarization,” as it is called, is to make the current produced i 

fall off very quickly, so much so, in fact, that the simple cell i 

is useless for telegraph work. ! 

The polarization is got rid of by adding something which ‘ 

will combine with the hydrogen as soon as it is formed ; 
there are various #vays of Moing this which will be described 
later. 

8. If the zinc of the simple cell were pure no action would Local action 
take place between the zinc and the liquid unless a current 
were flowing through the cell. In practice, however, the zinc 
contains impurities, and these set up local action,” the 
impurities act as the other plate of a small cell, and^ current 
h set up in the cell which consumes the zinc Jo no useful 
purpose. Local action can be l^ugely reduced by amalgama- 
ting” the zinc,%\e., by coating it with mercury; it i^ however, 
yways j^esent in ceils containing an acid liquid, but disappears 
entirely when other liquids sal ammoniac solution) 


E.M.E. of 
eeUs. 


Eesistanee of 
ceils. 
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4. It Las been found that the of a ccll_ depends 

merelj on the materials of ■which it is made* (oi' •which have- 
formed in it during use) and is entirely independent of its size,, 
shape, &c. 

The cells in general use in telegraphy iia%"e E.MtFAs of 
between 1 and 2 rofes, depending entirely on the class of ceii,, 
e.g:, Daniell cells 1-07 volts, Leclanche colls anil dry cells: 
1-5 volts. 

5. Although the E.M.F. of a cell depends only on its 
materials, the resistance depends also on its size and shape. 
The larger the cell, and*“ the closer together the plates the 
smaller its resistance. A large cell has also more active 
material and hence lasts longer without i*enewah 

The resistance of cells is important in many cases, as a high 
resistance- cell can only furnish a sniail current. For example^ 
if a cell has an E.M.F. of 1 volt, and an internal resistance of 
20 ohms it can only furnish a current of ampere when it is 
short circuited, and ampere through an e.xternal resistance 
of 5 ohms, while a cell with the same E.M.F. and a resistance 
of 1 ohm would furnish ampere through the same external 
resistance, or over four times as much current. 

Cells used in telegraphy have a resistance varying from 
0*1 ohm to 10 ohms, or more. (See table at end of eliapter.) 


Porous pot. 


Daniell Cells. 

6 . Daniell cells are of various forms. They all consist of 
a zinc plate immersed in a solution of zinc sulphate (iiiSnSOi),^ 
and a copper plate immersed in a solution of copper sulphate 
(CUSO 4 ). The liquids ai’e kept from mixing either by gravity 
or by the use of a “ porous pot.^’ The copper sulphate acts by 
combining with the hydrogen that is liberated on the copper 
plate, forming sulphuric acid (H 2 SO 4 ) and depositing copper on 
the copper plate. This entirely prevents polarization.’" 

The zinc gradually dissolves in the zinc sulphate solution, 
forming more zinc sulphate, till the solution becomes con-* 
centrated, when crystals are deposited. When this happens 
the solution must he removed, and water adibHi. 

7. The porous pot is made of unglazed porous earthenware, 
and suffices to keep the liquids apart to a very large extent, 
particularly when a current is flowing. The current is able to 
pass through it. In time the liquids will mix in spite of the 
porous pot, and this occurs more I'apidly when the ceil is not 
furnishing a current; when this mixing of the liquids occurs.^ 
copper will b© deposited on the zinc plate, and the cell must 
then he wS^shed out and renewed. 




* The temperature has alsp a slight effect, but this is neglkeable for 
;/t©lppwh work. , '■ . i ; 

. ' " f 'CellB having sulphudo'^aoid instead of ' zjno sulphate arc all 

called Daniell cells, but are s^dom' nserl tr» h w 
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8. Post Office patterns consist of a teak box dividecf Post office 
into partitions formiiig^five or more cells (see fig. 1). The zinc i^nfcterns. 
is in tl^e form of a thick plate, and is sarronnded bj a dilate 
solution of zinc sulphate. The copper is a thin plate and is 
plac^ in the porous pot, snrrounded by a concentrated 
solution of copper sulphate, and a few erf stals of the latter are 
placed ixk the pot to keep the solution up to strength. The 
porous pot is coated with paraffin wax round the top and one 
side to prevent, as far as possible, the liquids mixing or 
creeping; ” the uncoated side of the pot must be next the zinc 
plate. ^ 



In making up the cell it is usual to fill the portion - 

containing the zinc with water, and then short circuit tlie cell ■ 

for 24 hours. After that time sufficient zinc sulphate will have ' 

formed for the cell to work properly. The E.M.F. is just over 
1 volt per cell and the resistance from 2 ohms ' upwards. If 
the resistance rises above about 5 ohms per cell, the cell wants i 

cleaning and remaking up. There is now no service pattern of 
Daniell cell sui^hle for telegraph or telephone purposes. 

9. The Daniell cell has a comparatively low E.M.F,, high Cliamc- 
resistance, does not polarize, but the liquids mix when not in 

use. It is consequently well suited to heavy continuous work 
on fcelegi'aph circuits, but is not suitable for use in the field or ! 

for telephone work, as it is not portable, deteriorates when not ; 

in usefand requmes considerable attention. ; 

10. The Minotto cell is largely used in India, wTiere the Minotto cell 
materials, being in demand ^for trade purposesf are readily 
obtainable, und may be met*with elsewhere. It^is illustrated 

in Fig. 2, and consists of a vessel, at the bottom of which is 
placed a copper disc, fox^ming the positive plate of the cell. 

• ^bove this n-f f^/ST^Trun-r* o ti 1 r. 4. 
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a, gain, but separated by a felt disc, sawdust or sand io placed, 
then a,nother felt disc, and then a diSvj of zinc, iitted witli 
a binding screw. An insulated wire passing through t|ie cell 
makes electrical connection with the copper plate. The cell is 
completed hy adding zinc sulphate solution until tlie saw/5ust, 

■ emm prmdot^ copper' wire^ 


Sowdusr- — disc * 

Sulphate of copper 

Pio. 2.-^Mmotto Cell. ^ 

felt, Ac., are thoroughly saturated. This cell lias an E.M.F, 
or about 1 volt, but its internal resistance is very high bein*^ 
seldom less tliaa 12 olims. The cell has all the above 
mentioned characteristics of the Daniell cell, except that, as it 
has little free liquid, it is fairly portable. 


Ledanehe Cells. 

H aad ont of the service, 

aie of the Leclanehe type. In these cells the plates tire of zinc’ 

/Sr°rn°”’ ™ a solution of ammoninm chloride 

(JNH4OI), commonly called salammouiac. The carbon is 
snwounded by manganese dioxide (MnOa), which combines 
with the hydrogen which is liberated at the carbon plate. 

ihe COTbon plate or rod has a lead head cast round the ton 
to attach the terminal for connecting the line wire The ton 
of tl. coboj .nd tLo tod <».t.d®.ritt p”n™to. vtS 

anl el between the carbon and the lead^ 

and crystallising out. It this happens the resistance is larc-eh’ 

be^rmet’er'^^f tL^Ttl.*” carbon nfnso 

oe ^®ttewed. Ihe top of the jar, in open type cells is also 

coated with tar varnish or paraffin waxf to prevent the LVid 

rising by capiUary action and ciTstallizingof^^^^^^^ ^ 

12 . The E.M.l. of Leclanch^ cells is about l-S orslisrhtlv 

a current th^ hydrogen is absorbed nufi fn.rnish 

. eUs) do not deteriorate when not in use. Th^ ba/e nsuaKy. ' 


Charac- 

teristics. 


41 


CHAP..IL] t CILLS. 


a low resistance. Leclanclia cells are consequently very suitable 
for teleplione work ; ai?d, as they can be made portable, for all 
held work and for telegraph work. 

13. In the porous pot form (see Fig. 3) the manganese Forous pot 
dioxide is mixed with crushed carbon, and is enclosed with 
the carbon plate in a porous pot. The p^t is sealed up, except 
for a small vent hole. This form is useful for minor telegraph 
circuits and bell installations. There is no service pattern of 
this type. 



14. In the agglomerate block form the manganese dioxide Agglomerate 
is mixed with an equal rweight of crushed carbon, moulded block form. ; 
into a block or rod, with shellac as an agglomerant. The blocks 

are placed round the carbon rod or plate, and held there by 
indiarnbber bands, and sometimes by a canvas wrapping as 
well. The following service cells are of this type. 

15. Cells, electric, Leclanche A, Hark III. — The cell is of Leclanche 
►ebonite^ rectangnlar, 7f X 5-| x 2/^- inches, the zinc plate is 

bent round to St the inside of the cell. The carbon plate is 

in the centre and surrounded by six flat agglcfhifrate blocks 

held on by "yvo indiarnbber bands. The cell is sealed with | 

bitumen and plaster of paris ; two holes are left iif the sealing, | 

which are closed by corks, having a cane core. The cell when 

issued is packed, with salammoniae. and m marlp. -friv 
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by filling water. Internal resistance about ‘3 olifii. Used 
by tlie R.A. for firing battexues. 

16. Cells, electric, Leclancbe “ C.”— The cell is of sionewjire, 
circular in plan, 5| indies diameter by 13 incbcs high, open at 
the top. Tlie zinc plate is bent into a cylinder, and lines the 
cell. The carbon i8^^ a rod, grooved to take the agglomerate 
blocks, which are in the shape of rods. There arc 12 aggionienitc^ 
blocks ill' all, two in each groove, held in ])]ac(i by a canvaK 
wrapping and four indiarubber bands. Intenial resistance 
about *15 ohm. The height over all is 15 inches. Used by the 
R.A. for range dials, &c. 

17. Cells, electric, Leclanche — The cell is of ebonite, 
circular in plan, 4^ inches diameter by 7|- inches high, sealed 
in the same manner as “ A Mark III. Idie zinc, carbon, and 
agglomerate blocks are arranged as in C cells, except tliat 
there are only six blocks, and the cell is packed w’itli 
salammoiiiac, similaxdy to “A” Atark III. Internal rcsistaiuje 
about *2 ohm. The height over all is 9-i inches. Used for 
railway signalling and permanent telephones. 

18. Cells, electric, Leclanche “ G- are similar to 0 ” cells, 

except they are only 9 inches high over all (height of cell 
7§- inches), and have only six agglomerate blocks and two 
indiarubber bands. Internal resistance about *15 ohm. Used 
for permanent telephones, and electric light dials, &c. (See 
Pig. 4.) ■ ■ . ■ . ■ ■ ' ■ 

19. Cells, electric, Leclanche J — The cell is of glass, 
with a zinc rod, and carbon plate and two flat agglomerate 
blocks. The internal resistance is *6 to 1 ohm, and tlie over all 
dimensions 3 x 3 X 6f inches. The indiarubber bands for 
securing the agglomerate blocks have loops for the zinc rod 
to pass through, thus keeping the latter separate from the 
carbon plate, &c. This is a very common commercial pattern. 
Used for garrison telephones and telegraphs. 

20. Dry cells are Leclanche cells in which the salamnioniac 
solution is made into a paste with some absorbent material. 
As a rule, the zinc plate forms the case of the cell, and the 
carbon rod is in the centre (see Pig. 6). Most commercial 
forms, and the service Alark I cells, *^have a piece of insulated 
wire connected to the zinc, and a terminal on the carbon. 
The Mark II service cells have two terminals, the centre one 
being the carbon and the one on the edge being the zinc. 
They are issued with a piece of connecting wire each ; care 
must be taken not to connect the two terminals of one cell. 
These ‘cells are very portable, but deteriorate in stot-e, par-'' ' 
ticularly in hot climates. When exhausted they cannot be ^ 
replenished7 but have to be replaced. They are used for all 
work in the^eld, and for all portable telephones. 

2L Dry cells are made in several shapes and sizes f those " 
used in the service are mostly of the Obach ” make, and are 

fallows 'a '' '■ ’ 'J-' 
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Celll5 drj, — 7| inches Ligli X 3| inches diameter, for 
use with telephone sets, portable, ‘‘A,’’ &c. Resistance 
^bont ’15 ohm. 

Ceils, dry, 0.’’ — 6-§- inches high x 2-[f inches square, for 

* use with field telegraphs. Resistance about ‘22 ohm. 

Cells, dry, — 5*^| inches high ># 2|- inches square, for 

iise*with teleplione sets, portable, “ B and “ C.’’ Resist- 
ance about *22 ohm. « 

Cells, dry, S.’’ — 4|- inches high X 1|- inches square, for use 
with telephone sets, portable, “ D, Mark II. ’’ Resistance 

about ‘5 ohm. • 


Bifumen 
Zinc pot'- 


Sawdusf. 

Canvas- 


Carbon Rod 


•Dcpolarijssr. 


Insulafion. 


Fig-. 6, — Obaeh-chy cell, 


Bichi'omate Cell. 

22. This type of cells is extensively employed in the Postal Bichroiimt« 
Telegraph Department, bnt does not form part of service 
equipments. 

The elemeaits are ^ino (amalgamated) and carbon, with 
chromic acid as the depolarising agent. 

The zinc with a small quantity of mercury stands in a very 
weak solution of sulphuric acid ; the carbon in a similar but ; 

stronger solution to which potassium bichromate is added. ' 

These sections are separated by a porous pot of somew^hat 
dens^ texture. - ** 

*The depolarising agent is formed by tl^e admixture of 
bichromate of potash and sulphuric acid j amalgS,mation of the 
zinc is malfitained by capillary action. , 

The form of cell most commonly employed is shown in 
^ig. 6. It is specially suited to long distance working and for 
quadrup^ex ajid automatic telegraphy. 
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WKen in action, tlie zinc is attacked by the siiIpliai?iO acid 
and sulphate of zinc is formed. The liberated hydrogen on 
reaching the outer cell combines with the oxygen the 



clironaiam, tlie latter of 
which tends to deposit chrome-alatn crystals on the carbon 

anc?nm^‘^‘ ^PP^^im'^tely 2 volts, and the internal resist- 

ance or the quart Size averages 2 ohms. 

Its value for the purposes named is due to the Iu<>-h E M W 
combined with comparatively low internal resistance. 

tion i/Sld of being sabjeot to polariaa- 

flnid fllk resistance, and like all two 

flaid cells requires attention, whether in actual use or not. 


Batteries, 


CWl. m Mriaa. 23. A siogle cell seldom aaffieee fee pmobica! punioees m. d 

I;; orfr™ ,!» “«*• '“"“I "p to ffirc 

The current furnished (see Chapter I, para. IS) equals 
E.M.F» of battery 

^ Besistence of external cir^tet +7e"S5Fali^" b^y ’ 
iSnirif working Jheresistanoeof the line and 

theXrkrjtmTariTw?^^^ ^ 

qnently.the furren/is battery resistance; coase- 

cells joined up in series. IT Proportional to the niimbsr of. 
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Incases where the external resistance is low compared with 
the battery resistanee, adding cells in series has a very small 
effect current. Snppose the external rcvsistance were 

1 ohm and the cells available were Daniell cells with E.M.E. 
of JL volt and resistance of 5 ohms, then the current with one 
cell would be ^ ampere, while with^ 10 cells it w^ould be 
ampere, or less than h ampere. 

24. In such cases, if a larger current is req^uired, it is ^^©lls in 
better to join up the cells in “parallel,” connect all the 
positive terminals together and all the negative terminals 
together, and w’e then get the E.M.F. of one cell only, but 
the internal resistance is lowered, as in the case of divided 
circuits (Chapter I, para. 15), that is, if 10 similar cells are 
joined in parallel, the combined resistance is one- tenth that of 
one ceil. Talcing the same example of external circuit, 1 ohm 
resistance, and cells of 1 volt and 5 ohms each, if the 10 cells 
are joined up in parallel, the E.M.F. is 1 volt and battery 

resistance ^ ohm ; hence, the current is ampere or 

f ampere. 

This case would only be used in practice for telephone 
speaking circuits when only very high resistance cells are 
available. With service Leclanche ceils available for use with 
ordinary telegraph and telephone instruments, it is never 
necessary to join cells in parallel. 

Formula for current furnished by a battery — 

C = current in amperes. 
e == E.M.F. of one cell. 

E = resistance in ohms of external circuit, 
r = „ „ one cell. 


Then with n cells in series, 


with n cells in parallel, 






IST.B. — ^When cells are joined in parallel they must all be of 
the same type, having the same E.M. P. 

24- It is unnecessary here to consider the different arrange- Cells in 
ments of compound circuits. Occasions may however arise compound, 
in which it is necessary to use cells of ob*ectionahlj high 
resi stance, ^nd in such a ca^e, and if there is an ample supply 
of cells at hand, some relief may be obtained by joining up 
several rows in parallel, each row consisting of enough ceils in 
series to^give^the required E.M.F. 


BATTERIES. 
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If m rows of cells are joined in parallel, caoli row- liavino- 
n cells m series, the current furnished e(|p.als 

ne f 


-Hi “f* 


nr 


_ 2i.i. Some of the service cells are issued in boxes joined nt) 

into batteries: their descriptions are as follows: the cells are 
joined up m series : — 

Batteries, Leclanehe C, 4-ceIl. For ranffe finders, &c. 
Batteries, Leclauche F, 2-oelI 1 -n i . 

Batteries, Leclauche G, 2-ceIl J circuits. 

Batteries, dry, 6-celI 1 „ ^ , 

Batteries, dry, 10-cell / Olograph use. 

formerly 

used hy held telegraph units, and may be met with- no 
m_ore^are to ^be_ provided. The cells are generally similar to 


victcu. xxiu ceus a 

cells Leclanehe “A,” only smaller, beino- 3-,_ 
jaesistoce *4 to I ohm. » i o 


X 2 X 5|- inches. 


Battery Power required for Telegraph Ciremt. 

to required it Is neees.sary 

to Jsno^ the Ji.M. b. and internal resistance of the cells use/ 
the resistance of the line* and instruments in the cirenit aS 
the current required to work the instrument. It is best to add 
0 per cent, to the calculated result to allow for line lea ka^>'e 

»* ““ ‘■-“••■y "i. t 

A good rough rule is “ multiply the resistance ol ■» 

(line and instruments) by the current rcmiiS. , A r- ^ *“6 ououit 

divide the product by the E.M.F of one ceH 

Tb. f„™.u i, „ = 




to«aiow'forX*Stoaw“fftL^ we used. 
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Taijle L — Resistance of Line Wire commonly Used. • 


Wire. 

Designation. 

■■ ■■ ■ 

Description and Use. 

1 Resistance 

1 per Mile. 

Wiret electric. 


i' ■ 'Ohms.'''"':' 

Z 21 

200 11 ) 3 . per mile, galvanized iron, permanent 



lines . . . . .... .. . . 

i 

Z 23 

400 lbs. per mile, galvanized iron, permanent 
lines ' . . . . . . , ■ • ' . - ■ 

13' -5 

Z31 

100 lbs. per mile, steel 3 -strand, field lines 

50 

Z 17 

„ ,, copper, permanent lines 

8*5 

Z7 

„ „ bronze • „ „ 

32 

Z 9 

„ „ „ 3~strand, field lines . . 

12 

Z5 

70 lbs. bronze, permanent lines . . 

26 

Z3 

40 lbs. „ „ „ .. 

45 *5 

Cafole, electric, 



Oi 

590 lbs. per mile, river crossings, field 



telegraphs .. .. .. .. 

26 

Dj Mk. TI 

80 lbs. per mile, fi.eld cable .. •• 

200 

D 5 Mk. in. 

j> if fi • • • • • • 

63 

' D, Mk. IV. 

85 lbs. „ „ 

63 

04 . 

3 ,000 lbs. per mile, 4 core interruption cable . , 

37 

Di. 

20 lbs. „ field telephone cable 

1060 

D,. 

40 lbs. if a a • • 

325 


Table IT. — Resistance ol Telegraph. Instraments. 



Resistance of 

1 


Coils in 

, Minimum Current 
“ required to Work. 

Instrument. 







Series. 

Parallel. 

i 

1 


Ohms. 

Ohms. 

Amperes. 

0 -alvanometer, single and duplex 

100 

I ■ ^ ■ 25 ■ 

— 

Sounder, (P.O. pattern) , . 

20 


*055 

„ translating 

40 

j . 

■ ■ 75 

I *020 

Morse Recorder, Mk. II , * 

300 

— 

„ „ (galrano-j 

30 , 

i 


meter) . • • • • • 


— 

Combined inker (P.^. pattern) 

300 

1 ’’S 

•005 

» (gal- 

vanometer) 

30 




Local inker (P.O. pattern) 

40 

— 

I *069 

Relay, Telegraph, Mk. I . . 

400 

100 1 

*00113 (coils in series) 
•00226 ( „ parallel) 

„ ^ „ Mk. II (P.O. 

Standard A) 

Relay, P.O. Standard B .• 

j- 400 
200 

100 1 
50 J 

*00055 (, „ series) 
*0011 ( „ parallel) 

Wheatstone receiver 

200 i 

60 

* . *010 

Choking coil o%eparator * . 

•* 20 D 

— 

1 — 




1 


Kotk. — The currents given are the least the instruments 'will work with 
wSen they are in perfect adjustment; larger currents should foe allowed in 

TVMiO f nPci'KIiSSk TTT^ 
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" TiBtE III. — Current required for Working Telegrapl;- Circuits. 


Type of Circuit. 


Line C-un'ent 
allowed in 
Ainpe,res. 


Lcjal circuits 



•1- 

*13 

Single current simplex Avith relay (coils 

in scries) 

•015- 

*03 

» )} » 


paraliel) 

*03- 

•O-l 

Double current „ „ 

( 

series) 

‘014- 

•017 

" }J i) )3 ■ 

( 

parallel) .. 1 

•038- 

•ou 

Instiaiinent, telegraph, Horse recording 

(coils in scries) , , : 

•015- 

•030 

Wheatstone simplex . . 

. 

, 1 

•02- 

•03 


jS'ote 1, — For local circuits use 3-6 cells. 

2 . — For duplex circuits the battery power rotpxired is about doixble 
that required for simplex. 

Note 3.-— For quad working calculate battery as for duplex, and 
take 3^ times the number for the “ B” battery. 

Note 4. — For Wheatstone working it is usually best to have an E.M.F. of 
at least 100 volts, if this gives too large a current add resistance to the line to 
reduce it. 

28, Simplex circuit with two inteimediate ojSdces and 
vibrators with separators. Length of line, 50 miles of Z 9. 
Batteries available, Dry 0 : — 


Besistance — 

Ohms. 

3 relays 

. . 1,2(10 

4gaivos 

400 

Earths .. 

• . 50 

2 separator coils. . 

400 

Line 

. . 600 

Total 

.. 2,650 


Current required = 0‘017 ampere. 

E.M.F. of ceils 1'5 volts each, resistance 0*3 ohm each. 
Then number of cells by rough rule 

_ 2650 X 0*017 , 

- 4- 25 per cent. 


45 


1*5 

+ 25 per cent. 


176 

= 30 + 8 == 38. 

Say four 10-cell batteries. 

By calculation it will he seen that with good dry ceils and' 
Z 9 wire — „ « 

10 cells will work a baseboard simplex through about 8 miles. 

m : ” ” » » 
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■ . ■ • V 

and for each intermediate office deduct miles, and if separators 
are used at the terminals deduct 35 miles. It will also be seen 
that if \he coils of tlie relays and galvos are placed in parallel 
10 cells will work through 14 miles, but 20 will only work 
through 45 miles. ^ 

• ill'''.'"''''......' 

Oeneral Care of Batteries. « 

29. It should be remembered that dry cells are subject to 0-eneral 

deterioration whether in. use or not, especially if kept in hot or on 

very dry places, for which reas<^ they should be tested 
periodically, especially when forming part of a portable 
instrument. Cells issued from store should receive immediate 
attention in this respect. The x’ough testing described in 

para. 36 is sufficient for cells required for ordinary use. For 
moi^e accurate testing, see Cbap. XX. 

Porous pots that have once formed part of a battery should 
be kept in water, otherwise they are subject to disintegration. 

A battery maintenance card should be kept in each battery 
room, or cupboard, showing dates on which the batteries were 
made up or replenished, and the results of the periodical tests. 

30. The efficiency of a battery and the amount of attention Situation for 
it requires depends largely on strict observation to cleanliness batteries. 

^of surroundings and adequate ventilation. 

Wet batteries, especially those of the Leclanche type, should 
be placed in a box: with the lid slightly raised, or the box itself 
perforated near the top. The situation chosen should be free 
from extremes of temperature. U:ndue heat subjects the liquids 
to evaporation, followed by deposition of salts on external 
surfaces ; this tends to short circuit the battery and draw off 
the liquids. Extreme cold raises the internal resistance and 
tends to crack porous pots and glass containing- vessels. 

It is of equal importance to keep batteries in a dry situation 
•otherwise the terminal screws, commonly attached direct to the 
box, are in electrical connection through the moist wood. If 
placed on damp ground or damp supports, the risk of leakage 
and subsequent exhaustion is intensified. 

Accommodatkm should, therefore, be provided on shelves or 
wooden supports, and in some instances it may be advisable to 
•connect the instrument leads direct to the terminals of the 
battery, the zinc being joined by means of a battery wing nut. 

At many offices the number and types of batteries employed 
call for the provision of a special cupl3oard, the shelves of which 
"*^may consist of thi^ee triangular shaped battens witfi the apex 
upwards supporting the battery boxes. Each shelfis served with 
a damp-resisting mixture befor^ being painted and fitted with 
•casing, termii^l screws, and circuit cards. 

Th^ bottom portion of such cupboards is usually reserved 
^ ^ fo:^ battery stores, for which x*eason the lower shelf is of ordinary 
•design. This vsfelf and the bottom eds^e of thA 



battery 
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6 inclies clear of the flooi’ level. T^ie cupboard is usuallj 
open at the top and a clearance of about indies is allowed 
between the doors and the shelves for ventilation piiTposes. 
The inside surfaces of the doors, which open from the centre, 
are nsiiallj reserved for battery maintenance cards. A special 
room is desirable. ^ 

SI. At the largest offices a special ly-dosigned and well- 
ventilated battery room is necessary. It should be situated 
either on the ground floor or in the basement of the building, 
and as near the instrument room as possible. 

The batteries ai’e arrafSged on a rach supported in Ksome 
instances on insulators. The rack is fitted with battens, &c., 
similar to those of the battery cupboard, and is placed in 
a position clear of the walls to admit of access from all sides. 

The residue of some types of batteries is of commercial 


vaine, that of the Daniell, for instance, containing a large 


percentage of copper oxide. For this reason, and with a view 
to keeping the drains free of chemical deposit, the orifice of the 
waste pipe in the cleaning cistern or tank should project about 
three inches above the bottom. 

The residue withdrawn from the tank, as well as that 
obtained, direct from the batteries, is placed in a special box for 
future disposal. The tank is also fitted at the end opposite the 
waste pipe, with a sloping corrugated board on wliich the 
various battery parts are drained during cleaning operations. 

Ihe waste pipe is connected direct to tlie main drain, not 
to a branch, so as to minimise the risk of chemical destruction 
due to the presence of acids. 

A good water supply is, of course, essential. 


Making ujp^ Refreshings and Gleaning BaHeries. 


32. To Make up.—The arrangement of the plates and the 
porous pots IS shown on Fig. 1. 

Place the nnparaffined surface of the porous pot outwards. 

_ Use about 4 ozs. of copper sulphate crystals for the large 
size and three for the small size/and add water or copper 
sulphate solution till on a level with fae top of.the zinc plate 
hill the zinc compartments with water or weak zinc sulphate 
solution to the top of the zinc plate. ^ 

Short circuit t^ hatterj for a few hours prior to use. 
lo ite/res^— Withdraw any superfluous liquid from the 

O' “0 “»o to 

;,.B?:mineth^tettei!yigeheraUyforprobabledefeots. ' 

Wrthdra^,:atoat- one-third of the sdntion from 


l/M 


1 
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tke zin# compartment and place it in a jar containing scraps of 
zinc. • 

Pqut tlie contents of tli» porons pots into another jar. 

Sci*ape the plates quite clean and bright. 

Lightly hammer the rivet connecting the strap to the copper 
so as to ensure perfect electrical contact.^! 

Carefully remove any copper deposit from the surface of the 
porous pots. • 

Renew any porous pots which may be cracked or otherwise 
defective. 

Keep the box free from wateii when washing out the zinc 
compartments. 

Test the zinc compai’tments occasionally for leakage, by 
filling each in succession with water and observing the effect 
both on adjacent compartments and externally. 

Replace the zinc and copper sulphate solution previously 
withdrawn, first diluting the zinc sulphate solntion with water. ' 

33. To Make up porous pot and agglomerate block, open heclanche. 
forms for ordinary purposes use about three ounces of crushed 
salammoniac for the quart size (other sizes in proportion) with 
snfiicieiit water to bring the level of the liquid to about two- 
thirds of the height of the containing vessel when the elements 
are added. 

In situations where a battery is subjected to long periods 
without aftention, and providing the work of the cell is not 
excessive, use salammoniac solution only. 

Salammoniac solution is made by dissolving as much crushed 
salammoniac in clean water as the latter will take up. 

(Solution only should he used in connection with “ sealed ” 
batteries.) 

When porons pots are employed, pour a small quantity of 
water or solution through the vent holes in the top. 

See that no liquid remains on the terminal screws or ends 
of the zinc connecting wire. 

Wipe the lead head of the carbon, and the neck of the 
containing vessel, with a rag or piece of waste lightly served 
with oil. 

To Refresh. — Remove* any crusted salammoniac from surfaces 
above the solution. 

Restore the level of the liquid by adding a small quantity 
of crushed salammoniac and water, or solution. 

Clean the terminal screws and ends of the zinc connecting 
wires. 

Apply the oiled cloth or waste as when making«ap. 

Examine the battery generally for miscellaneous defects. 

(The solution should be bright and clear. *14 cloudy, the 
battery reqi^res cleaning.) ♦ 

T% Glean . — Scrape the zinc rod or plate quite clean, and 
repair any exposed portion of the connecting wire, re-amalgamate 
^the zinc i| necj^ssary. 



1 1 Bichi-omate, 


SECONDARY BATTERIES. 


Thoroughly wash ihe oarboa and the outer ini’ Br>^ r * 
the terminals and zinc connecting loops 3®^ and clean 

origbal SS. one-quarter of its 

Be-amalgamafce the zincs if necessary 

sulphurincif rn^thern the surface in 

r-ag tied to a stick ^ Hiercury by means of a piece of 

intasitj <»il wm"to“;ihaf the'S'? SlTb^.tw^' 

battery ^nVth^defleelionrindictSd W Iflf i^h 

EaS Ln o7fh ?f” Leclanche cellf noted.’ 

should be tfsted Lparatelt^'ar^^^l?^ afresh, each cell 

and any cell, not giving good’resuTte 

cut out and made up aLTh “ ^ ^ ^ 

.h« „ „ tt, 

Accuiute metjiods of testing are given in Chap. XX, para. 27. 


Secmidary Batteries. 

■b.fo„al*':; teto co„..ito./to 




The o-nlv ri T X T tJiccmcai energy, 

xne only pattern likely to be met 'wrfth i-n 

^^^ThesI ml% be d-^-f T Teadlalts^'^ 

“pasted.” tlio plates ai>e 

. In the fii-st |,ase finely divided lead plateg are charged and 
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^ are of tlie ?'ight constituents, and 
case certain lead salts made into pellets are ins^^ 

I. In both^ cases after being used the actions are 
consists of two plates or sets of plates, 
egatiye,.. immersed in. dilute- "s.ulplinrie 'acid.; 
positiye plate is a red brown, owing to the 
nr^o;a 4 . 1 while the negative is grey, as it 

^ ^ead and lead pa'oxide 

Tnr +h -e sulphate, and the electrolyte is weakened 

peroxide are once more fofmed, and the electrolyte is made 

Settins un ‘Ifi reformation of sulphuric acid. 

Getting up db. To charge secondary cells r 

and charging, battery is connected to the 

energy (usually a dynamo) and a char 

IS given. It will be noticed that during 
nows through the cells in i 
of the dischar^ 

On setting 

forwarded by the maker 
adhered to. 

In general the cells, if of lar 
the makers with the 

b^*es Vnfflmn^vi'''r“r""r sections put into their 

the plates i^^cessary separators between 

is pCSd ^Tbicil "P electrolyte 

PuSHltd P“'’® acid diluted with 

pnie distilled or boiled rain-water till its sn.o- is l-ynn wll 

switch is closed The first ch^ar eleyrolyte, and the dynamo 

stated in “ampere-hours,” viz a cell of ‘-inn ^ Js 

■ ^pacity would theoretically give 300 amLfes C?® h 
1 ampere for 300 hours, but above a ceSn rati l/r^T 
the capacity decreases in practice “ ^ * discharge 

-aeits’rdo*" 

cha^ng at intervals of say a month S.ev S 


^soharged repeatedly till they 
in the latter r . • - - 

in lead grids, 
similar. Tli- 
positive and 
When charged the 
formation of lead 


^ the positive terminal of the 
positiye of a source of electrical 
' ^fge oi 'Sufficient, idnmtion''^ 

^^ring chai'*ging, the current 

tile opposite direction to the direction 

•e current. 

up a new battery instructions will usually be 
is, and these instructions should be 

'ge size, will be received from 
positive and negative sections in wooden 
are unpacked and the sections put into their 
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(a) ^igli E,M. F, as mxich. as 2*5 volts per cell whilst the^ 
normal cliargiag current is passing tlirougli it. 

(li)^ Proper sp.g. of electrolyte (1*2 usually). 

( c) Gassing from plates till eleetx’olyte appears milky. 

Healthy colour of the plates, reddish brown for positives 
and grey for negatives. 

When the cells are nearly chai'ged they gas freely,, and 
unless spray plates are used with open cells, some of the 
electrolyte is carried away out of the ceil. The loss of liquid 
in the cells is usually due to evaporation, and generally is 
made up by the addition of watery which must be as pure as 
that originally used. 

The gas given oif is objectionable, and arrangements must 
be made for thoroughly ventilating a battery room, and also 
for protecting metals from corrosion by painting with anti- 
sulphuric ” enamel. The floor, too, must be made acid proof. 

40. Sulpbating is the most common complaint. It is Accurntdator 
caused, in general, by excessive discharge, by ceils being left troubles. . 
run down for some time, and generally by rough usage. The 
symptoms are a whitish deposit or growth on the plates. 

The remedy is to give the cells a long* charge at less than 
normal rates. This will generally cause the sulphate to fall 
oif. If it comes oh* in Jumps and scales these must be removed, 
or else they are liable to bridge over the space between the 
positive and negative plates and cause a short circuit. 

Buckling of plates is generally due to overcharging or over 
discharging, or else to bad local sulpbating. 

The cure, when the buckling is serious, is to take out the 
plates and straighten them between boards. 

Short circuiting, due to something bridging over positive 
and negative plates. This is usually caused by bits of 
sulphate or by fragments of metal, especially in the pasted ; 

types, falling down between the plates. It is generally j 

detected by finding that one cell in Sj row runs down before J 

the others of that row, i 

41. Their advantages, as compared with primary cells, are xjse of ^ 

that much greater currents can he taken from them ; they are accumulators, 
suitable for be^y contii^Lous work, and the materials of which ; , 

they are composed do not require to be renewed at frequent i 

intervals. On the other hand, they require constant attention, 

and are not convenient for transport purposes. 

They are generally best installed in large batteries, and ^ 

not in small isolated groups. On account of their exceedingly , 

low resistance, which is, indeed, practically negligible, and the 
ease with which they can be maintained, accumulators are now 
largely employed at important^ telegraph centres’* it?* substitution , : 

' for;primary^attenes. ^ i. I 

Tiie airangeroents are somewhat complicated, and a detailed ' 

description is outside the scope of this book. 

“ * f . . ' ' 





CHAPTER HI. 


GALVANOMETERS AND SIMPLE TELEGRIpH 
CIRCUITS. 


1. The general principles on whxcli telegraph instruments Morse signal 
Avork are described in Chapter I. 

The following chapters give details of the various telegraph 
instruments used in the service, or likely to be met with by 
milRarj telegraphists, their methods of use and adjustments, 
the various 

shortly what kind of signals telegraph 
” 3 . The letters of the 


Before describing 
necessary to explain 
instruments are designed to transmit, 
alphabet, figures, Ac., are represented by various combinations 
of two different signals known as “ dots ’’ and “ dashes.” The 
difference between them is usually one of duration, a dash being 
three times as long as a dot. Bet^Yeen the dots and dashes 
forming a letter an interval equal to one dot is left; between 
letters an interA’-al of two dots, and between words of thi'ee dots. 
Whatever the rate at which the signals are sent, the relative 
length of dots, dashes and intervals must be kept accurate. 

Dots and dashes may be represented by long and short marks 

on a tape, as in a recording instrument, representing ‘‘ A ” 

L and so on, or, by long or short inteiwals of 

time between sounds, as on a “ sounder,” or by long or short 
periods of noise, separated by intervals of silence, as in a buzzer. 

2. Galvanometers . are instruments designed to indicate G-alvano- 
whether or no a current is fiovring in a circuit, its direction fin meters, 
some cases, including those described in this chapter) and to 
some extent its strength. They are based on the principle 
descinbed in Chap. I, para. 34, ah'z,, that a compass needle is 
deflected by a magnetic fiel^ dixe to a current. Their chief use 
in telegraphy is tB detect and localise faults, and one should 
form part of every telegraph set (except vibratoi*s). 

Most telegraph galvanometers consist of a coil of insulated 
wire fixed with its axis horizontal, in the centre of which is 
piA^oted a small magnetic needle, weighted so 


telegraph cii’cuits, it is 


as to hang 

^ertieall; 5 {^ The coil is divided into two poi'tions, ■^^ound on 
separate bobbins, so that the needle can be suspended betw^een 
them, and thus be brought into the centre of magnetic 
field produced^hen a current 4s flowing through them. To 
j>he nee<|le is fixed a light pointer, which moves as the needle 
moves, and shows the amount and direction of its deflection on 
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Pig. 1 shows this diagraraaticallj. The coil AB .’'epi’esents 
the two bobbins, which being close together act as one ; when 
cniTent is passing from A to B the clotted lines £|hoAv the 
direction of the lines of force. The needle tries to place itself 
in the direction of the field, and the stronger the current, the 
stronger the field, apd the farther the needle will be defiected 
from its vertical position. 


DiaecnoN 

OF 

CORREWT 


The polarity of the needle and the direction of the winding* 
m service galvanometers are so arranged that the pointer moves 
to the observer’s right when a current is flowing from the left 
to the right terminals of the galvanometer, Le., the deflection 
IS m the direction of the current (see Pig. 1). 


Fls.2.-GalTanon^ter.Sagle ^ Duplex (with Dial Berereed and Coils 
shown Diagrammatically), 

S generally used for telegraphy,is kiiowa^ 

® galvanometer, single and duplex” (or shortly the 
^ and 1^ galvo.) This form of galvanometer (see llg 2) 

... ot two hobhins BB fixM side by side ab^tVof Sn^h 

^ ji' , a horizontal axle between them swihss a soft iron 
^ ^dle, A,:.of. D shape, pivoted near the lower end oi the fj This 
needle is magnetised by a pair of permanent mavnets. M nVood 


and duplex. 
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below it, aid swings witli its free end uppermost, being kept in 
that position partly by tlfe repulsion of the permanent magnets, 
and parMy by the weight of the lower end of the pointer 
attached to it and swinging in front of the dial. 

The* bobbins carry two coils of silk covered wire each 
having a resistance of oO ohins. The coils aife wound “ differen- 
tially (see Chap. I, para. 58), half of each coil on each bobbin; 
each coii therefore produces the same magnetic effec;t when 
the same or equal currents flow in them. 

The end of each, coil is led to a pair of terminals at the back 
of the instrument. Brass links are ajn'anged so that the two 
coils can be connected together in series or in divided circuit 
(as shown in Fig, 3). 

Coils in “ series.” Coils in divided.” 


FiGr. 3. — Galvanometer, Single and Duplex. 

The cover of the military instxmment is secured by a milled 
headed screw on either side; the leads are sometimes in error 
joined to these when connecting up the instrument in circuit. 

The method of magnetising tbe needle described above makes it a strong 
magnet, and less liable to lose its magnetism than a permanent magnet 
needle of the same size ; but even so the magnetic field produced in the 
needle hy a very strong current round the coils is sometimes greater than 
than induced by the permanent magnets. If this happens when the needle 
is swinging, and is over to the left, say, at the moment the current is turned 
on from C to D (Fig?2) the field magnetism will reverse that induced in the 
needle by the permanent magnets, and the needle will remain de^.ecied to 
the left, indicating tJie direction of the current incorrectly, and marking also 
a smaller deflection than if it had deflected to. the right. This reversal of 
polarity lasts, of course, only while the current flows. It is not an un- 
common fault on short lines, especially if the permanent magnets of the 
.galvanoni^er become weak after being a long time in use. The induced 
magnetism in the needle is then weak, and the repulsion bet^I^'een its free 
end and the permanent magnets being less, it sv^ings more nearly horizontal. 
Both these effects make it more liable to have its polarity re^eried. 

Each coil is #'ound with silk co’?*ered copper wire *0092 inch diameter 
(84 S.'WIG.) to a resistance of 50 ohms, within ! per cent.* at-^i temperature 
of OO’* F. A length of silk covered copper wire *0164 inch diameter 
(2^S.W.G.) is soldered to eacli end of each boil, and connecting tabs are 
stidered toSackeMv' • , ' ■ . 
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Fp to about 30® the deflection is proportional to tlie^ci 
1 nnlliampere sbonid give a deflection of atonfc 5®, when it ]>ass 
both cods in series. Above 30° tlie current required to prodn 
deflection is greater than -Jtli inilliampere per degree, and a 
20 milliamperes will give a deflection of about 45° 

4. Fig. 4 gives the connections of the P.O. patter 
^me instrument series or divided. It is know: 
Post Office as tke ^‘differential galvanometer/' and is s: 


Post Offic 
pattern. 


Q — ' ■ ■ R**2S*** ■ 

Fia. 4.— Single and Duplex Galvanometer, P.O. Pattern. 

allege? ^ «o“”ected are different 

ordCT^toSortCsdf “SduetiL‘‘oYrt resistance of 300 olims, 

suitable for hfgrspeel as to make it me 

20 milliamperes should rZd^c^ „ !i!fl <’^«-ent 

30“ tbe deWiorrprCrtoir to f 

a deflection of about 5°. current, 1 milliampcro givii 

of .mic g,I,m?aeter, ™ed d,Sy '£ 

bobbio,. half’,, ..oh s®„roS.riibZ 

monnted close tioffether witb tbi- tiie latte 

The needle is a sS sLi i ^ Wontal 

a vertical plane and pivoted hn^vrf^f fr®®Iy ii 

It is nom^lly reteined^a virZT 

anceof its lower limb and of tho In^ pffeponder 

to it. In fpoxft of tTe bobbins ia dtr' f 

which the pointer swiiura degrees, ovei 


Petector. 
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and has a l«rg 0 number of tiiims (830), and one end is connected 
to terminal ‘‘ I.” The otRer ends of the two coils are Joined to 
a commoia terminal (unlettered) between the other two. 


Fia. 5. — G-alvanometer, Detector. 


“ Q ’’ and “ I stand for “ quantity ” and intensity/’ which 
are misleading terms by which to describe the coils, but hare 
been sanctioned by long usage. 

The Q, ” coil is wound ^Yith silk-coYered copjjer wire of ‘O^jS iiudi 
diameter, and its resistance should be ‘2 ohm within 3 per cent, at 6D° F. 
The “ coil is woiuid with silk-covered copper wire *006 inch in diameter, 
and its resistance should be 100 ohms within 6 per cent, at the same 
temperature. 

tip to about 30® the deflection is proportional to the current. A current 
of 35 milliamperes in the '‘I’* coil should give a deflection of about 45®, 
and a current of 140 milliamperes in the “ Q ” coil a deflection of about 40®. 

The “intensity” coil is msed for localizing faults ou lines, 
and in all cases in which considerable resistance is in circuit 
with the galvanometer. The “ quantity ” coil is principally 
used for battery testing and*' in cases in which the resistance in 
circuit (including battery) is under 8 ohms. The methods of 
using this galvanometer are described in Chapter XIX. 

6. There are several other patterns of galvanometers in the 
service used for testing lines, batteries, and materials. They 
are not carried by telegraph companies in the field and will ho 
desexdbed in the chapters on testing. 




[q^HAP. IIP 

lengtIiatJB. The movements in either direction aiTcsted 
by stops or contacts 0 and D on either mde of the pivot B. On one 
side the lever is normally held down in contact with the stop by 
an adjustable spiral spring E ; on the other sidti at the end of the 
lever is a knob E which is grasped by the fingers. The stop on 
the lever at D isfor^^ed by a screw passing through it by which 
the amount of play can he regulated. The contact pieces which 
project^from the lever and from corresponding points on the 
base are terminated with pieces of platinum, the lower contacts 
being hammered flat to give a good surface for the upper ones 


Em. 6.—Key Single Current, Telegraph Equipment. 

to strike upon. Platinum is used because it is not so quickh' 
oxidized by the sparking -wliioh takes place at tlio contacts 
when the key is in use. This sparking eaiisos oxidation which 
increases the resistance of the circuit at that point. The 
contact C is known as the “ Front stop,” D as the “ Back ston ” 

to these points are fixed on the base. Though the design is 
very simple, it is mportant for rapid and correct sendin<r^bat 

proportions so that the key 


Sounder (P.O. 
pattern.) 


hows the ordinary pattefn of Post Office 
aes called a pony ” sounder. There are two 
SA oo'T connected in series, the 

n which are joined to 

b. Ihe cores are made of soft iron tiibe, split 

0“ a pies® of soft 
yoke, thus forming a horseshoe electro-magnet. 

is held 

s spring,^ the tension of 
i^ted by a milled headed screw F. is a soft 
angles to the lever above the cores. 
i.J^,,%:pngh|hp^.ooils,.«ie ^,;es become- 

'< "i . = I* ' ■ •, r ' " 
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magnetis^, attract the ax'xnatnre and pull down the lever 
against the pull of the spring. The stop D striking against the 
brass bracket L prevents the armature touching the cores. If 
allowed to do so it would stick there when the cuiTent ceased 



Eig. 7. — Soxinder (Post Office Pattern). 


instead of being again drawn up against C by the spi'ing. If 
the current Hows for a short time there is a short inttu'val only 
between the sound of D striking L and K striking 0. This 
signals a dot. A current kept on three times as long makes 
a longer interval between the sounds and signals a dash. 

9. The sounder should be carefully adjusted before working. Adjustiueuts 
Before moving any of tbe adjusting screws E, D, or C, the Boxxnthr. 
clamping screws should be loosened: when the adjustments 
are made, the clamping screws should be tightened up. The 
first three of the following adjustments can be made before con- 
necting up, the fourth when signals are being sent. They should 
be made in the order given. 

(1) See that the lever K works easily between the pivots at 
E. These should be screwed up tight enough to prevent any 
side play in the lever without being too tight to prevent it 
moving easily up and down. When px^operly adjusted the 
screw pivots must be clamped firmly to prevent them shaking 
loose with the w&king of the sounder, 

(2) Adjust the screw D till the ai'mature when px*essed down 

is just clear of the cores. A thin streak of light should be 
visible between ai^matui'e and cores, or ai’mature and nearer 
core if the two are not quite equidistant. Screw D must then 
be clamped. • 

(3) Regulate the play of the lever by means of the screw C. 

Thei'e should be a play of about A of an inch betwe«in the Htops, 

Then clamp a ♦ ^ 

(4) % Screw up the milled head E until the required tension 
of the spring is obtained. It sliould be such that tiie arniature 
r^furns to the upper contact C with the same force as that with 
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wLich it is drawn down by the ciUTOui;. It depends, '"therefore 
on the streng'th of the current received, and tltis ndjustment is 
best done when the iiistnuraent is working'. If the tension of 
spring is to be adjusted when no current is flowing, slack ont 
the spring tilHhe lever rests on the lower stop, then gradually 
tighten it again tillilhe lever just rises to the top stop.” This is 
the most sensitive adjustment that can be given, i.e., the least 
dow^^^ current will be required to pull the lever 

If the currents through the coils are veiy strong it may 
be an advantage to keep the armature further from the cores 
by screwing down D and withdrawing C. The smaller the 
play ot the armature the greater the possible speed of signallino- 
though the clearness of sound is diminished. As a general rn?e 
when once a sounder has been put in adjustment nothing should 
be necessary but a slight alteration in the tension of thesprino. 

•1 pattern Post Office sounders a shn^t 

W f, in the 

connected to the two terminals. 
This does not affect the ordinary working of the instrument as 
1 ,*^® ® current still pa.sses through the coils 

Ijich have a i^sistance of 21 ohms ; the total resistance is tl S 

r? 1? i® ex-plained in para. 6 

Chapter IV. The latest pattern will work with a current of 
C5 milhamperes when m perfect order and adjustment. 


Latest pattern 
P.O. sounder. 


I'IS. 8.-Instrument Telegraph, Sounder Trlnslatiug. 

11. The service pattern sounder, known as “ Instrument 
tele^-aph, sounder tmnslating ” is shown in Pig. 8 Tt k 
constructed on the same principles as the Post Office soundex 
desciibed above, but its armature lever is furnished wlfh 
platinum contacts, and tlie unner and Iawa.. ^ ^^^raished with 

pl.t™ ejM. TK«. .wE J,o 

two stirrnp-shaped brackets S on ebonite bases x'hielf 
fc coatei, fr„„ ead. a.d ft™ £ W 

tei-minals, besides the two to which the e«d- ,i! iu ' ., 
brought, are on the base 


'Service 

j>attem 

sounder 
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explain&d in Cliapter VI ari 1. l^e 

the coils is 40 ohms. ‘ I’esistanee of 

iliamrter'‘(^o. 33 s\w"ft ^ ‘0,^11'” oil wire -0108 inch 

5 per oenk at 60“ F. Tho onto "hle^colT"‘r^® 
sillc-eoTored ..oppor wire. Tho cok are wkh !h f 

Huelc, and aro coimooted up in series malti.?! it“ ^”th ebomte TVth inch 
ment 40 ohms. The insiumckrifCabc^of of th“e instru- 
signals at a rafe of not less than 20 wor^ audible 

20 miniampere^ when in proper adjustment.^ iwmu..e, with a current of 

Shnple Telegraph Circuit 

ciosClMl^ino" tllB COIlT10^'^^rtn<! a-P +r\T i 

meaning of “ up ” and ‘‘ down ” as annliVd i * and 

explained. In any circn^> on. i “ down- 

Ijortiant usually) is made the “un ” more im- ®‘=‘‘‘‘o»a. 

Uces are “ do';in ” stations witK.stS^^^ if a*f 
next station is therefore the “ down ”kne At I'ne to the 
however, the line comimr frof the ‘fn 41 Tf 
called tho “ up ” line an<l timt ^ terminal station is 

farther from the “up” termhial^tXf s t^^ dofn^f 

“fp “stTtf 1 th t f T\^ 

.koU i» tie oth... di™,SL ^1^ ■.d„:‘‘':.'7ra‘" “ “S 

Sir! :£ .t :: *» ' “»'« ■■ 

.uo.td K ““.'irf. Sr s f““ “ 

i. .iVwu'S.™^'^ TkVoVp.r“rfcLtf 

iwSiL'."-' •'i' r Xrrxr r£ oS"* 

.^p of thltr ’KSther 

’ *r”no l'°t * « «»s tho op line (oSh 

f remember is that you send out kof 
cuirent (down the line) from the +ve pole of the baiterv 

^ f aiTanging the circuit in this -way is that 

' and therefom* if f ^ <llreotion TA the line . 

, | . ^tt_tJieiefors»throagh the coils of the sounders- or othpc : 

eoeivin^ nistrumonts, whatever station is sending. In this ' 
p 'lenlar system, the receiving instruments (sounders') will 

wWhov,r dtooMon th.!n™n, fl„„, .jd Z?ol r .l 

'f lo Jg 
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Direct 


working. 


* ' Cannot fliow tlaronglr down battery as front stop 
t Cannot tow.^ougli sounder as back stop is.dis. 




stations might he connected up alike, hut in other systems the 
signals depend on the current flowing *in the riglit direetion, 
and it is better therefore to make the rule apply to ail. ♦ 

The cirenitj Fig. 9, should be traced as follows : up station 
sending — copper to front stop, to bridge, to galFanoEieter, 
to line, enters down^'station at sounder,'^ through sounder to 
back stop, to bridge to galvanometer to earth, returns to up 
station at^earth to zinc of the hattery.f 

This system is called “Direct Working” because the 
current that wox'ks the sounder at the receiving station is 
obtained directly from the *battery at the sending station, and 
“intermittent” because current only flows during the time 
a key is pressed down. 

14. There is another method of direct w^orking known as 
. . ^ ^ “ continuous.” The connections are shown in Fig. iO. The 

(continuous j. stops of all keys are normally kept down and a continuous 

current flows when no work is going on, deflecting the galvano- 
meter needles and holding down the armatui'es. When any 
station wishes to signal the operator lifts his key, the circuit is 
broken and the armatures rise. The signals are then sent as in 
intermittent working, except that the sender’s own sounder 
works as well as those at other stations. 

Advantages 15, Continuous current wox^king has the following advantages 
and disadvau- for military work over intermittent working. 

^ges of ^ break in the line is at once notifled to all stations 

by the armatures rising and the deflection going ofl: the galvano- 
meters. In intermittent working the fault would not be observed 
till the circuit was used or tested, 

(2) A battery is not required at every station, it may be all 
at one station if convenient. This makes it easier to cut in an 
intermediate station as no battery need be carried (see Fig* 10). 

(3) With only a certain number of cells available, more 
stations can be woiked, for one battery does the work for all 
offices instead of a separate battery being required for each. 
This single battery must have more cells than any battery at 
stations working “ intei'mittent ” as the resistance of an addi- 
tional sounder is added to the total resistance of the circuit, but 
it, has much fewer than the total c^lls at al] the intermittent 
stations together. 

(4) There is no dijBPerence in the current i^eceived at 
a station when any of the other stations is sending, and the 
same adjustment of the sounder seiwes for ail. With inter- 
mittent working the received current, owing to leakage on the 
line, varie'B with the distance of the sending station,^ and the 
adjustment of the sounder may have to be altered accordingly. 
In practice this limits the n anther of intermediate stations that 
can ho inst^alled on. an intermittent circuit. ^ 
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Tile dj^advantages of the continuoas sjistem are : — - ^ 

(1) The battery is normally working, and therefore becomes 
exhaustfed comparatively quickly. 

(2) If the battery is at one end of a long line, a fault neai’ 

that «nd will prevent any station working, instead of only 
interrapting commnnioation through the fsi^hlt, and allowing all 
stations on one side of the fault to communicate with each 
other, as is the case with intermittent working. ♦ 

(3) The Key, single current ” is not suited for this method 
of working. 

For these reasons it is seldom* that continuous working 
would be used in the service. 

Military Direct Worhing histruments. 

16. Until recently an instxmmenb known as a “ Field Instmmeut, 
Sounder’’ was used in the service. It consisted of sounder, 
galvanometer, and key gi’ouped on a board with terminals for 

line, earth and battery connections and ari*angements for working * 
intermittent or continuous. Owing to the short distances over 
which direct woxddng is practicable with the moderate battery 
power available in the held, this instrument has been given up 
and is no longer part of the equipment of the Telegi'aph 
Companies. Fig. 11 gives, lioweyei% a diagram of the con- 
nections of the Field Sounder Mark II, joined up foi’ 
intermittent or continuous wox^king in case the instrument is 
met with. The field sounder requires a cui^rent of about 
30 miiliamperes. The plan of joining up the instruments of 
a set permanently on a baseboax*d, leaving only the external 
connections to be made when I'equii'ed for use, is adopted in 
other military sets also. 

17. Another military instrument designed for direct working IHorse 
is the Morse Recoi*der or inkei% known as the ‘‘Instrument, recorder, 
telegraph, Morse recording, Mark 11.” This instrument is 
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* CKie strength of the magnetic field depends on the ampere turns. The 


current when coils are in series is 


E 


is h ( 
^\75 


flowing through ail the turns ; in 


300 + B 

jgt V ' 

j also through all the turns, but througii tlie 

two coils siWltaneousIy. The turns being the same in both eases, tlie 

magnetic fields are in the. proportion ^ . , When B tlie 

^ ^ 300 + K 150 + 2E 

remaining resistance in circuit is more than 150, the former (series) is 
greater, when B is less than 150, the latter (divided) is greater. 


considerably more sensitive than the field soiindei’^ and can 
therefore be used on comparatively Ton^y lines. Instead of 
being given by the beats of, the sounder le^'er the* signals 
are marked in dots and dashes on a paper tape, otlierwnse the 
system of w'orking is the same as when using the sounders The 
recording portion (rFig. 12) consists of two coils as in the 
sounder, with a light armature A caanying a wheel I. The 
wheel dips normally into an ink trough T and is raised against 
a tape as the armature is pulled down. The tape is moved 
forward by clockwork. The extra bulk and weight of the clock- 
work, its liability to injuiy from dust, &c., and the compai^ative 
uselessness of the instrument if the supply of paper slip fails 
detract from its value in the field. The baseboard of the recorder 
(Fig. 13) is fitted with a key and a small galvanometer of 
30 ohms resistance, and the connections made for direct 
working. Four terminals marked L E Z C are provided for 
connecting ‘‘down” line, “up” line, zinc and copper respec- 
tively (notice that earth is not necessarily connected to E, only 
at the up station in fact). In addition, arrangements aiV 
provided for working “intermittent” or “continuous.” These 
consist of (a) two springs on the key with clamping sci'ews, so 
that either front or back stop can be normally in contact, 
(h) a switch which connects one end of the coils to back stop 
for “ intermittent '' or to zinc for “ continuous,” and (c) a strap 
on terminal Z which is joined across to E for “ intermittent ” 
a-nd left open or joined to C for “ continuous,” according as 
there is, or is not, a battery at the station. 

Two coils of equal resistance and number of turns arc* 
wdund together on the bobbins, and their ends are brought out 
to four brass blocks marked U D, respectively. By 

nreans of straps the blocks can be joined up to connect the 
cpils in series or in parallel. The resistance of each coil is 
150 ohms ; if the resistance in the rest of circuit is greater 
than 150 ohms, a given battery will produce a stronger 
magnetic pull on the armature with the coils in series: if the 
rest of the circuit is under 150 ohms the coils should be in 
divided.^ 

Two binding screws B and B^ (Fig. 12) are fixed, one on the 
/ brass case and one on the standard which carries the stops.. 
This latter is insulated from the case by an ebonite plate and 
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the top contact (which would otherwise be electrically connected 
with the case through the lever) has an agate point. There 
is no electrical connection therefore between the screws till the 
ai'mature is palled down on to the lower stop. The object 
of thisf is to be able to join np a local battery and bell, so that 
the ciixmit is closed and the bell rin^ when signals are 
received, Ihiis local circuit should have a switch or ping to 
disconnect it when the clerk is at the instrnmeAt. The 
ari'angement also allows of the recorder being used as a relay if 
required (see Chapter I Y, para. 8), 

18. The recording apparatus is constructed as follows (see Recording 
Ifig. 12). The armature A is fixed to a lever L pivoted at P. niechanisni. 
Rigidly connected to L and working on the same pivot is 

a long bent arm inside the clockwork case. The clockwork 
consists of a mainspring and a train of wheels controlled by 
an expanding fan. The wheels I and R are both revolved by 
the clockwork. 1 is a fiat disc with a fine edge and is called 
the inking disc. The spindle which carries it has one loose 
hearing, so that the arm can raise or depress the disc 
according' as the armature is attracted or withdrawn. The 
disc dips into a trough or “ well ” of ink T. S is a spring 
roller which presses 021 the wheel R. 

The paper slip is carried on a I’evolving drum in a di’awer 
in the base, it is brought out through a slit, passed over the 
1 ‘oller 8, over the steel rod 4, under the steel rod 5, and then 
between R and S. By this contrivance, as long as the clock- 
work is in motion, the strip of paper is made to pass over but 
not to touch the inking disc. When the armature is attracted 
the inking disc is raised till it touches the paper, and makes 
a mark representing the duration of the current used to 
attract the armature. The speed of the clockwork can be 
regulated by an expanding fan, which should be set so that 
the paper moves at the rate of 6 feet per minute. 

19. There is another point worth noticing in the construe- Construction 
tion of this instrument, viz., the method of winding of the of coils, 
coils (Fig, 14). A partition is fixed in the centre of the core 
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of each bobbin, the wires to be wound pn are brouglfu through 
a hole in the partition to the middle of their length and then 
each half-bobbin is wound starting from the central partition, 
the winding on each half being of course in tlie same direction 
round the core. By this means both ends ot a winding are on 
the top of the hobhfns, and can be easily unwound a turn and 
reconnected if the end is broken. If the coil is wound with no 
partition*, the starting end is covered by all the layers ot wire, 
Ld has to be brought out under them ; if this gets broken the 
whole coil must be unwound to repair it. ibis is cailed 
‘^winding from the centfe,” and is adopted in most instru- 

20. The adjustments of the recorder are differently pm - 
formed from those of the sounder. The adjiistment ot the 
armature is not regulated according to electrical considerations 
at all. The first object is to adjust it to make clear marks on 
the paper. 

The adjustments are as follows : — 

(1) . Unscrew the lower contact until, when the armatui'e is 
attracted by the current or pressed do wn by hand, the^ inking 
disc makes clear marks on the paper. If the sc.ijw is with- 
drawn too far the marks will become blurred ; if it m not 
unscrewed far enough the marks will be too light and the 

dashes may be split up into dots. 

(2) . The play of the armature should be limited by the 
upper screw, so that the inking disc just clears the paper when 
the armature is against the top stop. The play should be 
small, since the less the distance through which the armature 
has to move, the less the current required to move it. 

‘ (3) The position and play of the armature being thus fix.ed 

by mechanical considerations, the adjustment of the distance 
betw'een the armature and magnet cores is effected by moving 
the magnet itself towai’ds or away from the armature. 
motion is performed by means of the milled screw M (Mg. 1^)? 
which lifts or lowers the magnetic coils. The most sensitive 
adjustment is obtained when only a thin streak of light can be 
seen between the armature and the ^rearer coi‘e, the lever beung 
pressed down on the lower contact. ^ 

(4) The tension spring is adjusted by the milled head b 
till the armature returns to the top contact with the same 
force that it is drawn down by the current. If no current is 
fiowing, slack out the spring till the lever rests on the lower 
stop, then screw up again till it just rises against the^top stop. 
This is the most sensitive position, but the adjustment may 
require modifying when the work begins. 

The Instrument^ telegraph, Morse recorder, Mark II, should^ 
work with a current of milliamperes when in perfe(?t ordex"/ 

The clamping screws attached to the ^ uppei^ and lower 
contact screws should invaria-bly be set quite tiglit af fcei* the 
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latter adjusted, to prevent the position of the contact 
screws being altered bj- the vibration of the armature. Fig. 13 
gives diagrams of two field record ei*s connected up for inter- 
mittent or contimions %vorking. The paper slip used is known 
as ‘•Paper, Morse, f-inch ’’ and the ink as “ Ink, Morse 
instruments.” 4 ^ 

21. There is a Post Office pattern of this instrument known Post Office 
as the “ Combined inker.” It differs from the military instrn- pattern, 
ment in a few details of construction but its action and adjust- 
ments are tbe same. There are no commutator blocks for the 
coils which are connected in series (total resistance 300 ohms), 
and there are no arrangements for continuous wmrking. 

Fig. 15 gives a diagram of connections. The resistance of the 
galvanometer is 30 ohms. 


EARTH or up line 


DOW^4 LI^E or ^arr^ 


Fia, 15.— Post Office Combined Inker. [ 

22. With good operators it is much quicker to read by ear Use of 
from a sounder, than by eye from the tape of a recorder, recorders. 
TbexSe instruments are, therefore, seldom used unless only 
inferior operators are available, or where it is desired to keep 
a record of me^ssages sent, “ line clear ” messages, on a 
railway worked,, without block instruments. They are not part 
of the equipment of the field telegraph companies, but would 
be used for railway working. 


CHAPTER IV. 

RELAYS AND SINGLE CURRENT WORKING. 

1. The direct working systems (as mentioned in Obapter Hi, 
para. 16), cannot be used over any great distance, say more tliau 
5 or 6 miles, without incon^niently large battery povver. The 
sounder requires a good deal of current to Avork it, and wlieu 
line resistance is large the battery voltage must be high to get 
enough current through. The longer also tlie line tlie greater 
is the leakage of current along it, and the greater the difficulty 
ill getting enough of the cuiTent through to the receiving 
instrument. On long lines, therefore, the sounder is replaced 
by a relay. This instrument works ivith much less current 
than is required for a sounder. It does not itself give readable 
signals, but closes and opens a “local” circuit in which a 
battery and sounder are so arranged that when current fioivs 
through the relay the local circuit is closed and the sounder 
armature pulled doivn by the local battery current.^ The local 
circuit is of very low resistance, so that a few cells in the local 
battery supply enough current for the sounder. Besides 
Avorking ivith less current the relay has the further advantage 
that whereas, for satisfactory working, the sounder requires the 
strength of the signals from all stations on the circuit to be 
equal, a result impossible to attain with badly insulated lines, 
the relay Avill efficiently perform its wox'k with but little 
alteration in adjustment though the strength of the received 
current varies considerably. This quality of the relay is called 
its “ range.*’ Before describing how the relay is connected up 
in circuit it is necessary to explain its action, and as the 
instrument is used in nearly all telegraph circuits this slioiild 
be thoroughly understood. 

2. The service pattern relay (Relay, Telegraph, Mark II) is 
the same as the Post Office standard/* relay (IV^e A). Fig. 1 
gives a view of the instrument with the cover removed, and its 
construction is shown diagrammatically in Fig. 2. It consists 
of two upright electro-magnets with soft iron cores. These 
coT*es are polarized by a horseshoe permanent magnet, which for 
convenience is bent round the electro-magnets. The S end of 
the permanent magnet is uppei'most and the two ends''of the 
cores near it are thex^efore polarized north, while the two bottom 
ends are south. TVo short softr iron armatures are fixed on a 
vertical bi'ass axis and oscillate, due between theu^rper oimiorth 
ends of the cores and the other between the lower or south^ends. 
The end of the upper armature nearer the permanent magnet 
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tmtil the tongue rests - against one oft the stops. The stops Ccin 
be set so as to limit the oscillations of the tongue to 
extent. They are held in a frame G, see fig. b, called the 
carriage, which can be moved to one side or other by a miileci 
headed screw, so that while the amount of ^ freedom given to 
the end of the tongue by the stops remains the same, the 
positioned the tongue (and armatures) with respect to^he cores 
can be altered at will by turning the screw B (ng. ij to 
side or other. By screwing B, so that the tongue is made to 
approach S and recede from Mdt is given a to rest in 

contact with the spacing stop, while the reverse mover^nt will- 
sive the tongue a bias to rest in contact with the ma>rking step. 
^ 4 Two coils of emal - resistance (each 200 ohms) mid 
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number «)f turns are wound on tbe eores and tlieir ends brougiit 
out to terminals U and ® ® respectively on the base of 
the rel^y. The terminals can be connected by brass straps so that 
the coils are joined in series or divided, as in the case of the S. 
and B . galvanometer. The marking stop is connected to terminal 
M (fig. 2) on the base, the spacing stop to B and the tongue to T. 
Fig. H shows the top ends of the electro-magnets P the top 
armature A, tongue T, and carriage 0 with stops M and S (the 
lower armature is not shown but is attracted and moves always 
in same direction as the top one). The action of the relay when 
in use for single current working is as follows — Tbe local 
circuit is joined to T and M so that cniTent only flows in it 
when the tongue is against the markings stop. When no 
current from line is flowing through the coils of the relay the 
tongue is held against the spacing stop ; because though P Ph 
are polarized equally strongly by the permanent magnet, the 
armatures have been pushed nearer P than P^ and are therefore 
attracted mox*e strongly to that side. The local circuit then is 
broken and no current flows in it. When the line current flows 
through the coils from U to £), or @ to it also magnetizes the 
cox'es making P^ north at the top and south at the bottom, and P 
south at the top and north at the bottom, so that the original 
polarity of P^ is made much stronger than befoi'e, and that of P 
muchweaker or may be reversed. P^ therefore pulls the armatures 
towards it and away from P until the tongue is brought up against 
the marking stop. The local circuit is then closed and a current 
flows in it pulling down the sounder armature as long as the 
line current continues. When line current is cut ofl P and P^ 
are again left equal, and the armatures being still nearer P 
than are drawn away from P^ (breaking the local circuit) 
till the tongue strikes the spacing, stop. 

It will be noticed that enough bias must be given to keep 
the armatures nearer P than Pl even when the tongue is against 
the marking stop. If the\' cross the central line when going 
over to marking the tongue will remain against the marking 
stop -when the line current ceases, for the armatures would then 
be nearer P^ than P. 

The coils are mtouiicI half on each bobbin (being woxirid from tire centre, 
see Chapter III, para. 19), of single silk-covered copper wire, hTo. 40 B.W.G*. 
Eacli end of each coil has a sufficient length of JSFo. 30 S.W.G-., double 
silk-covered wire connected to it to form one complete layer*. Each coil has 
ends of different colours (green and w'hite). The coils are jacketed wntli 
paper and book-binders’ cloth. The cofls are differential, and are of 
2i00 ohms resistance, each within 1 per, cent, at 60° F. 

Wheti properly adjusted the relay should give reliable signals with 
reverse cui’rents of 0*55 milliainpere, and with a single current key when the 
curi'ent is 1 milliampere, the coils being in senes in each oase,4f the coils are 
in parallel double the current is required in each ease. 

Relays depend for tlieii* action on the polarization of the 
cores and armatures by permanent magnets, and are called 
^tfierefox'e polarized instraments. The direction in which the 
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,4. The co»nectioii« for single cxnTent working s*re shown in 
//Fig/ The rela,y takes the plaoe of the sounder in 
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adjustable pole pieces. The relay is not so sensitive as the 
Mark II, i.e.^ it requires more current (about t'^vico as much) to 
work it owing to there being only one rather heavy armature 
instead of two light ones. The carriage also moves in a straight 
line, not in the arc of a circle, as does that of the Mark II. The 
drawback of this is that the amount of play of the tongue is 
reduced slightly as bias is given and with fine adjustments is 
liable to jam between the stops. With the Max’k II the amount 
oi play remains the same whatever the position of the carriage. 


W'rent flows through their coils makes a difference^*, in their 
working. They difier in this respect from non-polarized ’’ 
instimments, such as the wsounder, w'hich do not depend on a 
permanent magnet and work in the same manner in whichever 
direction the current 

;h The Belay, Telegraph, Mark I, often known as the Sierauns 
relay, may still sometimes be met -with, though it is^ now 
becomings obsolete. It is shown diagrammatically in Fig. 4. 
Its action is similar to that of the Mark II. It has a 
L-shaped permanent magnet which polarizes the cores ot 
the electro magnets and jbe single armature. The latter is 
pivoted in a notch at the upper end of the permanent 
magnet. The two cores are joined by a yoke and have 
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working^nd a local cii^ciiit is added. Care musij be talcen to 
connect the up line to^'^ of tlie relay so that tlie inconimg* 
eurrenf flows from @ f'G D tbrougb tlie coils (coils being 
in series), Ltlierwise the tongue will remain over to the 
spaciflg stop, and no signals will he received. The terminals 
ai'e marked IT for “ Up and ‘‘ for “ Down ’' to 
prevent this mistake being made. Terminal B of the relay is 
not used. » 

Tracing the circuit when up station is sending, the current 
flo-ws from copper of the battery to front stop, to bridge, to 
gal VO, to line; enters clown statioii at © of relay, through 
the coils to D, to back stop of ke}’-, to galvo, to earth ; returas 
to up station at earth to @ of relay to ^ino of the battery.^ 

At the down station the current from @ to D of relay has 
closed the local circnit and current hows from copper of local 
battery, through coils of sounder to M to T, back to zinc of the 
battery. 

5, The adiustments of the relay for working ‘‘ Single ‘^hjustmenfe 

current ’’are as follows:— " fc'wMng 

(1) Screw up the marking and spacing stops so that the 
tongue has only a very small amount of play. The movement 
should be as small as possible, provided only that contact at 
the marking stop is completely broken when the line current 
ceases. 

(2) Adjust the milled headed screw to give the tongue tbe 
bias required to ensure it returning to the spacing stop when 
the line current ceases. If too much bias is given the effect of 
the incoming current is weakened and tbe signals may be split. 

If too little bias is given the tongue will remain in contact wdth 
the marking stop when tbe current ceases. The best position 
of the carriage should be determined by trial when the w^orking 
cuiTent is flowing. 

6. The fact that a resivstance of 420 ohms is placed acro.ss Bounder 
the terminals of the later pattern Post Office sounders was 
I'eferred to in Chapter III, para. 10, The E.M.P. induced in 

the sounder coils when tbe tongue of the relay breaks the local 
circuit is very considerable, and, if no other path is avail- 
able, produces a spark between the tongue and the marking- 
stop. This sparking oxidizes the contact points, and may 
thus put a high resistance into tlie local circuit. When 
a ^hunt is prCvided, this U.M.P, from the coils causes a 
ouyrent to ffow through the shunt, instead of forcing a path 

> li?, The field sounder and militaxy recorder ar§ not designed Bounder, 

' to^wark in alow resistance locak circuit, but can be uned in place jj 
of a local sbAder if necessary.® E terminal should be joined to ijxBtrvmmt ■ 

' * Kq piitb is open tbrougb coils of xip relay since tbe back stop of key is Mors© . - \ 
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used iu local 'TV! of the relay, Z terminal to one pole of the local bakery and 
circuit. the switch should be at ‘‘ continuous.” Chis is a better arrange- 
ment than xising L and E terminals with the switch at inter- 
mittent/' since in the latter case the local current has not only to 
traverse the galvanometer, which is nnnecossary, but ha? also 
to pass across the ba^k stop of the .key, which may be a source 
of trouble. The coils of the recorder should be joined up in 
parallel. Fig. 6 shows a single cixrrent set (up station) with a 
recorder in local circuit. 





Fio-. 6.— Single Current Set (using Kilitary Recorder in Local Circuit). 


Military 8. The military recorder being a fairly sensitive instru- 

recorder used ment working with less current than a sounder, may, if 
as a relay. occasion arises, be used as a relay. It is not, of course, as 

, . , sensitive as a relay, but can be improved in this respect by 

; , ’ bringing ^le armature very close to the cores of the« electro 

■ , ■; . ' magnet and limiting its play to a very 8m.all fraction of an 

^ ^ , • inch. The screws B, Fig, 13, Chapter III, are used as “ T ” 

‘ , * ■ . . ^ and*‘^]VI '' or the relay and termJtnals E and Z as J® and ” 

^ ■ of relay, and switch should be at '** cent.” 

The adjustments should of course be made without'^refer- 
enoe to the marking of the tape ; in fact, the disc must mi touch 
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tlie paper ^wiieii tlie armature is attracted, as this would interfere - 
\-vitti tlie firmness of tlie contact on tlie lower stop, jPig. 7 gives 
a dmgrafln of connections. 



EiGt. 7. — Single Current Set, using Military Kecorder as a Heiay, 



¥lo. 8. — Post Office Local Inker. 



so 


^INC4LE CUIIUEKT SYSTEJM, 


ICMkW IV. 


Local inlver* 



9. Mg. 8 is a view of si Po.st Offio^ pattern inker, designed 
for working in a local circuit. The resistance of tlie^ coils is 
40 ohms only, and they have a shunt of 500 ohms across their 
terminals, reducing the total resistance to 37 ohms. _T!ie 
mechanical details nre the same as those of the Oohibined. 
inker” (para. 21, Chapter III). The two terminals shown in 
Fig. 8 are connected direct to tli.e end of the coils, and the 
instrument simply replaces the sounder in tlie^ local circuit, it 
should work wlien in perfect order with 69 milliainperes. 
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CHAPTER V. 

DOUBLE CUBREUT WORKUSTG. 

1. Wlien explaining the action of the relay in single current 
working (Chapter I Y, para. 2), it was » explained that it v/as 
necessary for the tongue to work between limits which were 
wholly to one side of the central line between the poles. The 
‘‘maxking pole” (PS Pig. 3, Chapter IV) therefore has to 
exercise its pull on the armature from a distance always Tnoi‘e 
than half that between the poles. In double current working 
the tongue is allowed to work equally to either side of the 
centre line, and is therefore neare]* to the marking pole than 
when adjusted for single current working. With the same 
strength of pole as in single current the pull on the armature 
will be greater, or the >saine pull on the armature can bo given 
by a weaker pole, that is with a weaker cuiTeot flowing through 
the coils. Improved signals, or signals at a greater distance 
than with single current working, are thus obtained. 

2. To take the tongue hack to the spacing stop after the 
maiking cuiTent has ceased, a reyei\se or spacing current is 
used. This current flows in the opposite direction round the 
circuit as soon as the marking current ceases. It passes througli 
the coils of the relay from D to making the original 
induced polarity of P (Pig. Chapter lY) much stronger than 
before and reversing or neutralizing the polarity of P^, thus 
producing the opposite effect to the marking current. P is now 
much stronger than P^, and the armatures carry the tongue 
back to the spacing stop. No bias is necessary, and the tongue 
can work centrally between the poles. Double current working 
has the further advantage that the range of the x^elay is 
increased, or rather the full range of the instrument can be 
utilizi^d. Changes adjustfhent required in single current 
working when varying currents are received from stations at 
different distances or in consequence of changing amount of 
leakage on the line, are unnecessary in double current woxking^ 
since if the maiking cuiTent varies for any reason the reversing 
current will be altered to the same extent. 

3. Doutxlo current w^orking counteracts also the effects of 
capacity on long lines or cables. In single cuiTent winking the 
capacity of the line delays the ris<? of current at the I'Icei'ving 
station at the befiiming of a signal and prolongs it at the end, 
making tlfe relative length of dots and dashes different at the 
receiving station to what they were at the sending station. The 

marks ” may be lengthened and the spaces shortened, or 
(1258) • 


Principle of 
double 
current 
workiujir. 


Advantage®, 


Effects of 
capacity of 
loiii); lines. 
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vice versa; and wlien the capacity is very large '^signals may 
either run into one another or fail to get through. This involves 
slow sending in order to get distinct signals. In double carreiit 
working the battery is kept connected to line but reversed for 
spacing ” ; by this means the rates of charge and ot discharge 
are hastened, aiiu the reversals of charge take the same time, so 
that the relative lengths of marking and spacing currents are 
kept =the same at sending* and receiving stations. Signals are 
therefore clearer than when working single current, and can 
follow one another more quickly. Fig. 1 will give some idea 
of the action. 

4. A special form of key, known as Key, double current, 
Mark II,” is used with the double current system, which 
contains a switch connecting the line to the I’eceiving or 
sending portion of the circuit at will. With the switch in 
the sending position, the operator can put the cniTent on the 
line in either direction, as required, from the same battery. 
It consists practically of two single current keys joined in 
one, and moved together by one handle. For convenience of 
construction, the front contact of each key is removed, and the 
hack part has two contacts, an upper and a lower, working 
between two springs or stops. A spiral spring keeps the key 
normally in contact with the lower stops. Fig. 2 gives a view 
of the key, and Figs. 3 and 4 plans of the instrument witli 
switch at “ send ’’ and “ receive respectively. 
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A A is®tlie riglit key«aiid BB tlie left. The two keys are 
iiivSiilaterJ from one another hy a piece of ebonite, shown shaded, 
and each has a separate bridge, heing the bridge of A, and D 
that of^B. E and E are the upper and lower contacts of key A, 
and G and H those of key B. When the k^y is at rest, contact 
is made with the stops E and B[, and when it is pressed with E 
and G. 

The bridges of the key are connected to two studs, K L 
respectively. M are the right and left switches, Joined by 
an ebonite (or insulated brass) link, and moved together by 
the switch handle Q. When the handle is at “send,” the 
switches rest on the right and left studs. When it is at 
receive,” the right switch rests on a third stud called the 
‘general stud,” and the left switch on a fourth stud, wliicli is dis. 

The insfcruinent has five terminals, Z and 0 ai’e for the 
battery connections, Z is Joined to the left top contact} and right 
bottom contact, 0 to right top contact and left bottom contact. 

Terminal 3 is connected to the right switch, terminal 7 to the 
left switch, and terminal 4 to the general stud. The up line is 
brought {vkt @ of relay) to 7 and down line through the galvano- 
meter to 3. When the switcli is at “ send ” and the key depressed, 
the current flows from C through the right key to 3 to down 
line and back along up line to 7 to the left key to Z ; this is the 
marking current. When the key is released tlie current flows 
fi'om 0 along the left key out to the up line at 7 and re tons 
by the down line to 3 along the right key to the zinc. This is 
the spacing current traversing the line in the reverse direction. 

One end of the relay coils, is Joined to 7, and the other end 
•of the coils to 4, but the circuit through the coils is dis- 
connected at the general stud when the switch is at “ send.” 

When the switch is at “ receive” the general stud is Joined to 3 
by the X'iglit switch, putting the relay in circuit, and the leffe 
switch and 7 are dis., cutting out the battery, 

5. Tbe key double current, Mark II, is electrically the same Key, double 

m Mark I. The differences are as follows : — current, 

^ (a) Mark II has standard terminals. M-iivk II, 

(h) Mark I has a glas| top to the cover, and Mark II has 
the covef entirely of brass. 

(o) The contact between the moving portion of the key 
and the “ bridge ” is differently arranged, 

6. The difference between the Mark II and Mai-k III keys Key, double 
, ^re as follows ; — ■ 

(a) ^ark III has adjustable upper and lower contacts, 
and clamping screws are provided instead of fixed 
contact blocks. * * 

,, (b) Instead of curved brass springs let into the underside 
• of the “bridge,” steel springs with platinum contacts 
. , are fitted at the ends of the brass blocks to make 
contact on the ends of the spindle, • 


oxirreut, 
Mark III. 
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7 . Tlie fact that a switch has to he used for sending or 
receiving is a slight drawback to the double currenfe system, 
but it is not found that it gives any trouble in practice. 

■ Fig. 6 gives a diagram of a double ciiiTenb sei* with 
double current keyr. Tracing currents when up station is 
sending, we have, when key is pressed :-~-Gopper to C, to right 
top contact, to right kej^ right bi'idge, right stud, right switch to 
8 , thence throngh galvanometer to' down line, e uteris down station 
at @ of the x^elay tlirough the coils to B, to 4, to general stud, 
to right switch, to 3, thx’ough galvanometer to earth; returns 
to up station at earth, to @ of relay, to 7, to left Switch, to left 
stud, left bridge, left top contact to Z. This is the marking 
cniTent which has passed through the down relay .from 
@ to D, drawn over the tongue to marking stop and closed 
the local circuit; 

When the key at the up station is i^eleased, the current 
hows from copper to left bottom contact, to left key, left 
bridge, left stud to 7, to ® of relay to earth. Enters down 
station at earth, through galvanometei’ to 3, to general stud, 
to 4, to D of relay, through coils to @ to up line ; returns to up 
station through galvanometer to 3, to right switch, right stud, 
right bridge, right key, to right lower contact, to xinc. This 
is the spacitig cu^nt which has passed through the down 
relay from D to drawn back the tongue to the spacing’* 
stop, and opened the local cirenit. It is convenient to 
. remember,' as far as the key is concerned, tliat the marking 
current flows from 0 to 3 and returns from 7 to Z, while the 
spacing current hows from 0 to 7 and returns from 3 to Z, 
as shown in Figs, d and 7. 

When a station is not sending, the switch must always 
be left at receive,” otherwise it cannot be called up, and 
its battery is exhausting itself by sending a continuous 
(spacing) current 'to Hue. Care must be taken not to put the 
switch over fi‘om ^‘send” to ‘^receive” while the key is 
pressed. If this is done the last current sent out will be a 
marking cuirexit, and the tongue of the x’elay at the receiving 
station will remain against the m|Lrking stop, exhausting the 
local battery. To avoid this the relay, eveif in double cuiTenfc 
' working, is as a mile given a slight bias so that the tongue will 
return to the spacing stop even if no spacing cuin?e^ut is sent* 
Some of the advantage of double current working is lost by 
doing, aud it should not be necessary with good clerks. 

8 . It«also happens occasionally that, clue to a not i:^^commoii 

fault in the key, a double current set is worked single current 
only, ^ ’ 

If one of the top springs faijs to make q^ntact axid no ^ 
“ marking' murrent^ is flowing, the receiving station, bj giving ' 
bias to the max'king side, may still get signals 5 but when the 
sending ceases’ the tongue remains against the marking stop* - ■ ^ 
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ren^ersed.^ Similarly, if tbe lower contact springes of tlie key do ® 
not make contact the receiving stations may get signals by 
giving Mas to the spacing side, thus working ordinary single 
current. These faulty methods of working are occasionally Careless 
used Tv4ien clerks are careless or do not understand their iiistrn- wording, 
ments, the sendingclerknot noticing that thecal vano meter needle 
swings to one side only, the receiving clerk that a large amount 
of bias is I’equired to get signals and (in first c^se) that 
armature of sounder is down when signals stop. The adjust- 
able contacts introduced in the Mark IXI key are to enable these 
faults to be removed with greater ease. 


MARKtHC CURRENT 


SPACING CURRENT 



Fio. 6. 


Fia. 7. 


■m 


9, If double current keys are not available double current D.C. wording 
^ working can be arranged ^with two single current keys. One with S.O, 

key is used as a^^^send-receive ” switch, and held down while 
signals are being sent with the other. Two batteries to provide 
marking and spacing current respectively must then he used. 

Fig. 8 gives the connections — any form of two-way switch can 
be used in place of the “ switch ’’ key in this arrangement. 

Baseboard Simplex, ^ 

10. The ‘^Baseboard Si no rites: ’’ consists of all the instru- 
-ments |orming a double current set mounted ready connected 

up on a baseboard, Fig. 9 shows three hoards connected up for 
dcMible current woiking — connections shown in fine lines are ' ; . 
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for translation (see Cb«apter VI) — a switch witli six ^.ermiiials, 
generally called a ‘‘ single and duplex” siritch, is also fitted. 
This switch and its ohject are described in Chapter VI/ 

For douMe current working the handle must he to the 
right, the terminals marla'd a — 0 and/— Z; hcing then respec- 
tiyely connected together. The LU -shaped plate, with terminal 
marked E, carries the lightning dischargers (L I) in diagram), 
coiifiistirjg of small metal hobhins, on -which thin single silk 
covered wire is wound, the wire being in the circuit. KSpare 
wdre for re- winding the lightning dischargers is carried on two 
reels in the base of the ius/iument, and two spare bobbins also. 
The board -with its instruments has a wooden cover fitting over 
for transport. Further details of the lightning dischargers are 
given in Ghapter XYII, para. 5. 
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* for translation (see Gbapfcer VI) — a switch witli six ^ermiiialsj 
geiierallj callecl a “ single and duplex ” switch, is also fitted. 
This switch and its object are described in Chax)ter YI/ 

For double cui^rent working the handle must be to the 
right, the tez^minals marked u—o and/— 6 being then respec- 
tively connected together. The UJ -shaped plate, with terminal 
marked E, carries the lightning dischargers (L 1) in diagram), 
consistit^g of small metal bobbins, on which thin single silk 
covered wire is wound, the wire being in the circuit. Spare 
wdre for re- winding the lightning dischargers is carried on two 
reels in the base of the iustiunient, and two spare bobbins aJso. 
The board with its instruments has a wooden cover fitting over 
for transport. Further details of the lightning dischargers are 
given in Chapter XYXI, para. 5. 


Chap S. Fig 9. 


B ASEBOARDS SIMPLEX 

CONNECTED UP FOR DOUBLE CURRENT WORKIN G 

WITH LIGHTNING DISCHARGERS IN CIRCUIT 
NOTE Connections shown in Fine lines are For Translation, see Fig: 10 chap: 6. 
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1. On very long or imperfectly insulated lines, to get a Object of 
current at a distant station capable of woiMng a relay with trAiislatioii« 
certainty in the ordinary way, would necessitate the use of a 

very large battery. The greater the length of the line the 
greater are the i*esistance and the capacity, and also, and this 
is as a rule more important, the leakage is greatly increased. 

Owing to slight loss of current at the supports on an ordinaiy 
aerial line, the current received at the distant station is never 
so large as that sent out, and the greater the number of 
supports the greater the total loss of current. The amount of 
leakage varies also with the weather. To give an example 
of how greatly this leakage affects the battery power required, 
take a line 500 miles long with a conductivity resistance of 
20 ohms per mile. If the insulation resistance is perfect, 
there is no leakage, the number of Daniel cells required 
to work a relay through it will be 150 ; if, however, the 
insulation resistance is only 500,000 ohms or a megohm per 
mile, the chcuit is equivalent to a perfectly insulated line ‘ 

1,750 miles long, and it ivould require 525 cells to work the 
relay. The extreme distance in England over which ordinary 
double current working can be used is about 400 miles, though 
in dry climates it may be greater. For distances above this 
limit it becomes necessary to divide up the line into two or 
moi^e sections, and re-transmit the message from one section 
to the next. To take it down and re-transmit it by hand 
involves time, labour, and inaccuracy, and the usual arrange- 
ment is to make the receiving instrument (the relay) on one 
section automatically work the sending apparatus on the next 
section. This operation is called “ translation,^^ and the com- 
plete set of instruments at the translating station, a “ trans- 
lating ” or “I'epeating set, or shortly, a repeater. 

2, The principle is really the same as in ordinary relay Prinoipies of 
working, where the relay is actuated by a weak cui’rent and translation* 
turns on a strong current in a local circuit ; iu translation this 

local circuit is replaced by the next section of the^line. The 
simplest method of repeating is shown in Fig. 1, using two 
relays only. The current f^rom the up statkin enters the 
up relay at,(§), passes throug]i the coils to D,to S^of the dowm 
relay^^ S is connected to the spacing stop against which the I 

tongue rests, the tongue is joined to T, whence the current : ' 
^oes to earth and returns by earth to the np station from' 
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-whicli ih starbd. Tin's current, hj flowing tli rolls’ll the np 
reky, has cansed its tongue to go over to the niarlung vStop. 
The down battery can now work, and sends a current from 
copper to M of np relay, to T, to down line. This current 
flows through tlie relay at the down station to earth, returns 
at earth to the tniyislating station to siinc of down battery. 
A current fi^oin down station repeated to up station can be 
similarly traced. This system is simple but not complete, 
as the ckrk at the translating station cannot hear the signals 
nor tell if tbej?- are going through satisfactorily, nor if tlie 
relays require adjusting. To get over this a, translating 
sounder is used. • 

3. The service translating sounder, h lustrum ent, telegraph, 
sounder, translating,” was described in Chapter III, para. 11. 


The three terminals marked S,” T,’’ and M ” are con- 


nected to the top contact, lever, and lower contact respectively. 
The lever therefore corresponds to the tongue of a relay, the 
top contact to the spacing, and the lower contact to the 
marking stop. When no current is flowing S and T are 
connected; when current flo\v.s through the coils the lever is 
palled down, and M and T are connected. The resistance of 
the military translating sounder is 40 ohnivS. That of tlie 
post office pattern is 40 ohms, with a shunt of 600 ohms across 
its terminals. The latter instrument is known as a relaying 
SQundex%’^ and differs fi’om the military pattern only in details 
of manufacture. 

4. Fig. 2 shows a translating set using translnting 
sounders. The current (1) flows from up station to @ of 
up relay, to D, to S of down sounder, to to earth back to 
up station. This current actuates the up relay, and causes 
a current (2) to flow from copper of up local battery through 
coils of up sounder to M of up relay, to T, to zinc of battery. 
The lever of up sounder being pulled down current (3) flows 
from copper of down battery to M of up sounder, to T, to 
dowm line, returning from down station at earth to zinc of 
down battery- 

By this arrangement the message can be I'ead from the 
aouuder at the same time that it acts as an automatic key to 
transmit current from the down battery. THe circuits when 
signals from the down station are being transmitted to np 
station can be similarly traced, Fig, 2 and subsequent diagrams 
of, ti’anslating circuits appear somewhat complicated, but 
noticing that there are three distinct currents (as numbered 
when tracing circuits above), and knowing what eaoh^has to 
do and the order of the operations, there should be no difficulty 
in tracing the ^ionnections. 

, . ■ A complete translating sel includes arrangements for 
dividing the set, if desired, into Iwo terminal stations working 
tp the distant up and down stations respectively, so ibat a 
message pan be sent to the translating station without, beings 
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transmitfjd furtber, and messages originating at the trans- 
lating station can also be sent in eitlier direction. The 
ti’anslafing’ station can also hj this means interrupt a message 
which is being i^epeated, and ask for repetitions or correc- 
tions necessary. This is effected by adding a single current 
key to each side of the set, and using a switch, single and 
duplex.’’ ■ ' 

5. This is a Yery useful pattern of switch, and is used for Switch, single 
a good many purposes. It has six screw terminals, and tlie duplex, 
connections are so arranged that the two pairs of adjacent 
terminals bet’ween which the handle points in either direction 
are connected, and the two remaining terminals are clis. It 
is, in fact, a double two-way switch. Figis, 3 and 4 show the 
conditions when the handle is at Dux^lex ” and at Single ” 
resi^ectively. As this switch is now used for many purposes 

SiXGxr AKD DurLEX Switch. 


FjO- 3. — Switch at Single. Fio. 4. — S witch at Duplex, 

wdiere the words “ Single and “ Duplex ” are meaningless, the 
switches will in future be issued with blank labels, instead of 
the wmixls single and duplex being engrawed on them. 

6. The complete connections for a translating station are Complete 
given in Fig. 5, For i^ejiieating, the handle of switch is placed translating 
at “Dixxiex”; for separate working, to ‘^Single/’ When 
message is being sent from the up station the current (1) 
enters the translating station by up line, flews from to D 
of up relay to S of down sounder, to T, to switch, thx'ough 
6 - a, to back stop of up key, to bridge, to galvanometer, to eaHh 
and back to up station. This current closes the up local circuit, 
and cnrresit (2) flows from copper of up local batter)’^ through 
coils of up sDunder to M of up relay, to T, to zinc of battery. 

M and T of up sounder are now joined; current., (3) then 
fiows from do^vn battery to of up sounder, to T, through 
d-rh oi |witch, to back stop of down key, to bridge, to gaUano- 
moter, to, down, line, returning from down station at earth to ; ' 

of down battery. * ; 
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If the ti*aiialatiiig set is to be didded so that tl^ up side 
comniiiTii cates with up station only, and down side with down 
station, the handle of switch is moved to “ single.” ^Tracing 
currents on the up side — a current from up station will enter 
as before at ® and flows through coils of up relay to«D, but 
from D to c of switiii (instead of through down sounder to E) to 
a of switch, to back stop of up key, to bridge, to galvanometer, 
to earth* When the “ up ” side of the translating station sends, 
the currents flows from up battery to front stop of up key, to 
‘todge, to galvanometer, to earth, to up station and returning via 
@ of relay to zinc of up battery. 

7. Translation can be carried on equally well between two 
distant stations when both are up or both clown stations. The 
connections for the latter case are shown in Ei.<r. 6. One main 
battery only is required, sufQcient cells being- provided to work 
the section of line with the gi’eater resistance. 

8. Figs. 7 and 8 show how translation can be effected by 
means of four relays if translating sounders are not available. 

9. As many translating or repeating stations may be 
inserted in a line as its length and insulation require, but the 
more there arc the slower must be the sending. Suppose the 
length of time the key at the up station is depressed when 
making a dash is represented by A, Fig. 9, then B will repre- 
sent the length of the current in the loca*l circuit at the 

™ AT UP STATION, 

I Cl (CURRENT IN LOCAL CIRCUIT 


J i 


C— ./CURRENT IN DOWN LINE THROUGH 
I TRANSLATING SOUNDER. 

D CURRENT IN DOWN LOCAL CIRCUIT* 


r & 2 i 

li 


MAKE BREAK 

Fig. 9. — ^Duration of Currents S.O. Translation. 
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translating station, for it takes a shoi’t time for the tongue of 
the translating relay to move to the marking stop before the 
current B begins. The lever of the translating soifnder does 
not begin to move till current B begins to flow, and takes a 
little tim^ '"to move to its marking stop, and the ciurent 0 
from main battery therefore starts later than B. Lastly, the 
i current D in down station local sounder cannot staril? till the 
' line current has moved the tongue of its relay. On the other 
L; hand, when the key at the up station is raised, all these 
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circuits Ibrokeii practically at the same moment, for the* 
cnrrent^ceases the moment the tongue leaves the marking stop 
(before it has got back to the spacing stop), so that there is 
no delay in the successive movements. Though the time 
reqnireel for any one tongue to move from ‘‘marking” to 
“spacing” is very small, a number of ^these intervals one 
after another make a considerable diference to the possible 
rate of sending. 

10. Careful adjustment ox tbe translating sounder at the Adjustmoat. 
repeating station is of greater importance. The signals from 
the translating sounder may be quite readable, but, owing to 
the marking cuiTent being cut shorl as described, those at the 
receiving station may be bad. An experienced clerk, by 
adjusting the tension spring of the translating sounder so that 
the marking contact is kept closed as long as possible, can 
improve the translated signals considerably. 

11. The baseboard simplex is as previously mentioned, fitted Translation 
for translation. The handle of the S & D switch must be at 
“ Duplex ” on both translating boards while translating is 
going’ on, Dig. 10 show^s the complete circuits of a trans- ' 
lating station, and should be compared with Fig, 6, Fig. 11 
gives external circuits of a translating and two terminal 
stations. 


Klh 


BRApH CiRCUit 



BRANCH ciRcurr 

O — 


, BASEBOARDS CONNECTED 
‘ FOR TRANSLATION 




BASEBOARDS CONNECTED 
FOR TRANSLATION 


Fio. 12. — Method of Linking Branch Circuits to a Main Line hy means of 
Translating Sets. 


When nsing the baseboard simplex for translation, it 
must be noticed that though the wwking on the first section 
of the tjircuit is double current, single current only is trans- 
lated on succeeding sections. All relays in circuit must,, 
tlim’efore, be adjusted for SO *>working’ when th'b ^boards are 
being employed for translation^. This applies also to a circuit 
such as that shown in Fig. 12, w'here translation from a main 
line to branch lines is caiuaed on. Stations on the branch 
circuits could not send to stations on the main circuit if the 
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latter hare tbeir^-elays adjusted for double current* This 
circuit on Pig. 12^ gives a simple method of linkin'g brancli 
lines to a main route, and might be found useful. • 

the introduction of automatic 
switches. It is a complicated process, and not libelw to he 
required for militaiw work. It is not farther deseribed^iere 

Ohajitei VII after ordinary duplex working has been explained 
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CHAPTER VIL ® 


DUPLEX WORKING. 


1. The systems hitherto described only admit of single work- Objecfc of 
ing, that is of sending in one dii*^ction at a time. Duplex 
telegraphy admits of sending in opposite directions at the same 

time on the same wire, This doubles the carrying capacity of a 
wire, and is useful v^heii pressure of traffic makes single working 
insufficient. On military' lines pressure generally arises in con- 
sequence of an unusually large number of messages having to 
be sent in one direction. Duplex telegraphy proyides little 
relief against this. It is chiefly of service if the pressure arises 
from a nearly equal number of messages having to be 
transmitted from either end. Plowever, it is frequently required 
and found useful in military telegraph work. 

2, Thei’e are two systems of duplex telegraphy^ the Principle of 
Different iaD’ and the “Bridge/' but the former is almost 

iiiiiversally employed, chiefly because it is more economical ° 

battery power. Differential duplex requires about twice the working* 
battery power necessary for single working. It depends for its 
action on two facts : Ist, tbat if two circuits of equal resistance 
be open to a current, it will divide equally between them : and 
2nd, that if an electro magnet has two exactly similar coils of au 
equal number of turns wound together round its core, and 
equal currents flow in the two coils hut in apposite directions the 
resulting magnetic eifect will • be nil. The magnetic field 
produced by one cuiTent neutralizes that produces by the other. 
Instruments that are so wound are called “ diffierentially 
wound see also Chapter I, para. 58. 

Now, the single and duplex galvanometer is wound with two 
similar coils (see Chapter III, para. 3), If the brass straps be 
joined as in Figs. 1 and 2, the current flows in at A and divides, 
part through each coil. If the resistance X and Y be equal, 
the current in each branch will be equal and the needle will 
remain steady, as there is no magnetic field to move it. Suppose 
resistance X be greater than Y, the current will divide 
unequal^, more going through the smaller resistance than 
through the greater. The stronger magnetic field is only 
partly neutralised by the weaker and the needle jmoves in the 
case illustrated to the right. ® ^ 

In the same way, if a i^lay is joined up as shown in 
^ Fig. 3/so that equal currents pass through the coils in opposite 
directions, as shown by the arrows, the armature and tongue 
will not move. If the current from @ to is greater than 
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from to TJ, the tongue will be attracted towards the marking 
stop ^ if that from D to U is greater, it will be drawn (or held) 
to the spacing stop* Similar effects are of course pt^oduced in 
galvanometer or relay if the battery and, therefore, the direction 
of the Giu’reiits is i^e versed. ; 

Eig. 4 gives a theoretical diagram showing how these 
principles are used to effect Duplex working. The two coils of 
the galvanometer and of the relay are shown separately. The 
arrows show the direction of the currents and are marked “ U ■’ 
and D ” to distinguish from which battery they are derived. 
K and r are resistances. « 

We will consider the action at the np station only, for 
sake of clearness. 

Case l.—Srippose the up station only is sending. When the 
key is depressed, current hows to point X and divides, part goes 
through right coil of galvanometer to line, through down station, 
back to np station at E, through @ @ to Y. Th e other part of the 
cuiTent goes from X, through left galvanometer coil, through Er, 
through D U of relay to Y, where the two portions unite again 
and x’eturn to zinc of the battexy. The branch circuit through 
R is called the compensation circuit. If R be made equal to 
the resistance of line, down station, andeai'th, tbe two branches 
of the circuit from X through down station to Y and from X 
through R to Y will be equal. Equal curi’ents will flow through 
the two coils of the up galvanometer in opposite directions, so 
there will be no deflection, and equal currents will flow through 
the up relay coils from @ to @ and fi^om D to D, so that 
thei'e is no movement of the tongue. Sending at the up station 
does not, therefore, affect its own instruments. 

Case 2. — Xow suppose that while the up station key is 
pressed, the down station also sends. Half the current from 
down station battery will flowthrough its own compensation cir- 
cuit, the other half will enter the up station at earth, flow through 
relay from ® to ®, to Y, through battery to X, through 
right galvanometer coil to line, back to down station. (Prac- 
tically none of this current will flow from Y to X through the 
up compensation circuit instead of through the battery, because 
the resistance of the battery is very small, and that of the com- 
pensation circuit is comparatively very great.) The currents 
from up battery remain as in Case 1. The total current, 
therefore, from ® to ® of relay is now approximately double 
that from D to D and the relay marks; also the current 
throng right coil of galvanometer is double that through left 
coil, and the needle is deflected. The down station signals are 
therefore received when the key is pressed, (lifote'that the 
portion of ftie current from the down station flowing through 
the compensation circuit, flows in the opposite direction to the 
current from the up battery, and thus its effect, though small,, 
“•is to assist in pulling the relay over to the mg^rking stop.) 
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Cii^e 3.— Suppose thub the up station kej is ibleased 
while fliO down station is still sending. The cuvrents froiii the, 
up battery eta&e. The only current through the relay is the 
down station current from @ to (Dj, and the small cur^-ent 
throogli toe coinpensatmg circuit 'vyhich flows from U to D, 
tlierefure the relay still marks, the same currents fl.ow through the 
gill vario meter, both defecting the needle to the right, as before. 
The diAvn station current has now to flow from Y to X, through 
/ in SI, ear! of the battery, but r is made equal to the battery 
resistaiice, so that the total lesistance in circuit is unaltered, 
Biguak, tliej-efure, are received at the up vstation whether it m 
ithoif sending or not. If the resistance /■ is not made equal to 
that of the battery, the resistance of the line as measured from 
the down station would vary when tlie up key was depressed, 
and coL.-eqiu‘ntly the down curient would not always divide 
equally between the line and the down compensating circuit. 
It, however, the resistance of the battery (as is usually the 
case) is small compared to that of the line, this variation would 
bu so small that it does not practically matter, and if the point 
Y be cuiinectedv to the back stop of the key without inserting 
a resistance, this ivould nut, as a rule, aftect the ^Yorking. 

There is a 4tb Case possible, viz., when doivn station is 
sending and the key of up station is passing from one contact 
to the other, leaving, for the moment, both front and backstops 
dis. Tile received current from the down station is not, how- 
ever, even in this case, entirely cub ofl. It has the path through 
the compensation circuit, and though by passing' through 
this path the cuiTent is halved, it nosv passes through botli 
coils the sumo way and the resultant eifecfc on tiie i‘elay and 
galvanometer is the same as before. At the clown Btatioiij 
however, the line current is halved but the compensating 
current renuiins the same, hence the current from the down 
station keep»s (or helps to keep) the tongue of its own relay 
against the spacing stop. As tiie up skition is nob at that 
moment sending, Ibis is its correct position. 

This explanation has been eoiiflned to the consideration 
of the up fetation, but tlie corresponding effects at the down 
Btiiiion can he seen from the diagrams. The local circuits are 
not shown in these diagrams. 

3. In actual practice a duplex circuit intdades a switch^ 
single and duplex (see Chapter VI, para. 5), at each station, so 
that w'-hen there is no press of work, single working can be used 
and the batteries saved. 

4. The resistance B (Big. 4) is usually in the form of an 
adjustable resi-stance box called -a rheostat. The ''Eheostat, 
Mark I is Illustrated in Big. 5.^ Two movable arms pivoted 
at the centre are in electrical contact with each other, and also 
at their outer ends with one or other of a series of studs. * The 
fetuds are arranged in two sets of 10, over each set one arm 
moyes. Between- each pair of adjacent studs of the flrst set is' 





a resistaiiQp eoil of 40 dims, and between eacli adjacent pair of 
tbe seco 1^(1 set a coil of 400 olims. The first stud of the first 
set is connected to one terminal, and the first stud of the second 
set to a brass block on the rim of the base. There are four^ of 
these blocks, capable of being connected by pegs, and having 
I’eststances of 10, 20. and 4,000 ohms betwedli them, the fourth 



Fig-. 5. — Eheostat, Mark I. 


block being connected to the second terminal. Thus, by 
inserting the pegs and moving the arms, any resistance from 
0 to 4,400 (in steps of 40 ohms) can be inserted between the 
terminals, and by means of the pegs an additional 4,000 ohms 
can be inserted, and also 10, 20, or 30 ohms additional, making 
the total range from 0 to 8,430 ohms in steps of 10 ohms. 

5. The Rheostat, Mark II, which has superseded Mark I, is Eheostat, 
electrically similar, but the studs ai^e arranged in two circles H. 
instead of one — Fig. 12 shows the connections and Fig. 6 
gives an illustration. 
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The coils are wound on four bobbins^ they are all non-iuducfcively wound 
of silk covered platinoid wire, and the resistances must be corificfc to within 
± 1 per cent, at 60° F. Tlie first bobbin carries the 4,000 ohin«eoii and is 
wound with wire of *005-iiich diameter, single silk covered. The second 
bobbin carries the 10 and 20 ohm coils and is wound with '024-inch wire, 
double silk covered. The third bobbin carries the 40 ohm cofls and is 
wound with *014-incli<tlouble silk covered wire. The fourth bobbin carries 
the 400 ohm coils, the first three sections are wound with single silk covered 
wire of ‘010-inch diameter (connected . to the studs marked 400. 800, and 
1,200 olfms), and the remaining seven with single silk covered wire of 
*00S-ineh diameter. The third and fourth bobbins are dipped in melted 
parafiin wax after they are wound. 

0. The resistance /*, which should be equal to the resistance 
of the battery, is usually a fixed resistance of from 20 to 30 
ohms, mounted on a block, but, as exY>lained in para. 2, it can 
usually be omitted and the two terminals, c d of the switch. 
Joined by a piece of wire. 

7. Fig. 7 gives the complete diagram for a single current 

du])iex circuit. Tz'acing the cuiTenc we have copper to front 
stop, to bridge, to galvanometer, where it divides (this curresponds 
to point X, Fig. 4) half flows through one coil of galvanometer, to 
line, to ® of down relay, to to d of switch. From d it flows 
either to b, through down battery to front stop, to bridge of key. 
if down station is also sending, or through r to c, to back stop of 
key, to bridge, if down station is not sending; from bridge of 
key it flows through galvanometer to earth, and returns to up 
station at earth, to @ to The other half of the current flow’^s 

through the other coil of galvanometer, through the rheostat to e 
of switch, to a, to D of relay, to U. The two parts of the 
current join at the brass strap connecting @ and U, which 
eoiTesponds to point Y in Fig. 4, and the whole current flows to 
d of switch, to b, to zinc of the battery. If the switch is moved 
from “ duplex ” to ‘‘ single ” the circuits are those of an ordinary 
S.G. set. When up station sends the current flow’'s fiDm copper 
to front stop through one coil of galvanometer to line (the com- 
penss^tion circuit is dis at e of switch) enters down station 
at through coils to @ to d of switch, through r to o, 
to back stop of key, to bridge, to galvo, to earth, return 
to up station at earth to (§), to / of switch, to b, to zinc of 
battery. 

XoTE. — Another path also exists : — (§) to U, to D, to a 
of switch, to c of switch, to back-stop. This path has, 
however, a comparatively high resistance, and only a small 
portion of the current will flow through it ; this small current, 
such as it assists the relay 

8. The relay and sounder ^re adjusted as inwrdinary simple 
current working. To adjust the resistance of the compensation 
cironit one station only sends and at same lime moves the contact ' 
arms of the rheostat till working the key produces no defleetios on 
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the galvanometer. If there is a deflection on galvanometer to the 
left on pressing the key the resistance in the rheostat must be 
increases, if to the right it must be decreased. When the 
resistance of line and compensation circuit are very much out 
of balgftioe, and the resistance of latter too great, the relay 
tongue will go over to the marking stop^n completing the 
circuit, for the cui’rent from @ to ® is sufficiently greater 
than that from D to U to move the armature. * 

9. It will be noticed that intermediate offices cannot be Infcemecliate 
inserted in a line working duplex. If duplex working is offices, 
necessary between terminal offices o^i which there are inter- 
mediate offices, communication must be kept up to the latter 

by vibrators ” (see Chapter XV), or by reverting to “ single ” 
working at fixed and stated intervals. In the latter case the 
intermediate offices must put the line through and cut out their 
instruments when duplex working is required. 

10. As explained in Chapter I, every line has a certain Effect of ^ 

capacity, short aerial lines having very little and long cable ^ 

lines having a considerable amount. The effect of this capacity 
is that when a circuit is first completed by depressing a key, 
more current flows from the battery to line than ^vould flow 
if the line had no capacity. This effect is only momentary, 
and the current soon attains its proper value. When the 
circuit is broken, however, and line and earth joined by some 
other path, a momentary current flows back in the opposite 
direction. If in duplex working the compensation circuit has 
no capacity, and the line cii’cuit considerable capacity, both 
circuits having the same resistance, then at the first moment 
of making contact more current flows to line than round the 
compensation circuit (compare Fig. 17, Chapter I). For the 
moment the current in the line branch is too strong and 
causes the tongue of the relay to move towards the marking 
stop and the galvanometer to kick to the right. On breaking 
the current part of the accumulated charge flows back to earth 
through r and ®® and the galvanometer kicks to the left. If 
at the same time the distant station is sending, its incoming 
current will be neutralized for a moment and the received 
signal split. If the compensation circuit has too much capacity 
the opposite results are produced. The galvanometer kicks 
to the left on “make,” and a received signal is split, while 
on “break” the galvanometer kicks to the right and the 
tongue of the relay moves towards the marking stop. In 
adjusting the circuit these eflects of capacity must b» distin- 
guished from those caused by want of balance in resistance. Any 
deflection of galvanometer or movement of the relay paused by 
the latter lastg^as long as the k^ is pressed, but if caused by 
capacity it is only momentary. Asa matter of fact the effects 
of capacity are only noticeable on long lines, or cables, with 

>(1258) g2 
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nected toother and to one terminal. Tlie remainder are con- » 
iiected infections of varying number of sheets and each section 
joined to* a brass block. The capacity between the terminals 
of the instrument may be varied by inserting plugs between 
the bra«s bar which carries the second terminal and the brass 


blocks. The range is from *25 microfarad iby graduations of 
*25 microfarad to a total of 7*25 microfarads. 


12. The act of charging or discharging a long line is not Eetardation 
effected instantaneously, and for very accurate balance the 
cliarging and discharging of the compensating condenser must 
be delayed to the same extent as that of the line. The brass bar 
referred to above is divided into two •parts, normally joined by 
a strap. If necessary the strap may be disconnected and an 
adjustable resistance inserted in place of it. This resistance, 
known as the condenser coils, is thus included in the path of 
the charge or discharge and produces the retarding effect 
required. Tn a condenser thus divided one portion represents 
the capacity of the near end, and the other the far end of the 
line. The process of charging and discharging can be further 
regulated by another set of resistance coils placed in series with 
the condenser, and known as “ retardation coils. The con- 


denser coils may be required on circuits over 1*20 miles; 
retardation coils also when the lines are ovez’ 200 miles. 



Fio. 10.— Hetardation Ooils. 



Fia. 11. — Condenser Coils. 


Figs. 10 and 11 show the ordiiwy form of coils ; 12 gives 

a diagram of the complete cofnpensation circuit. Note that 
capacity is^ inserted by inserting pegs in the condenser, and 
resistance is inserted by withdrawing pegs in resistanee coils. 




DUPLEX. 



cnrotut 


are 


not 


[chap, m 
servi^jO instru- 


The retardation and condenser coils 
ments. 




OSQ 


Fio. 12.— Connections of Hheostatj Condenser Condenser Ooiia, 
Betardation Coiisj for B.O. Duplex Circuit orer 200 miles. 


and 


BIPoetof 13. Every line has also self induction, the effect of which is 

»elf-Muction to retard the growth of the current (see Chapter I, para. 54) ; 
c«j duplex this effect is especially noticeable on low-resistance lines. The 
compensation circuit has practically no self induction, and if 
the resistance of the line is very low this may interfere with 
the working, the effect on the galvanometer being similar to 
that of capacity in the line, but the kick of the needle is in the 
; opposite direction. This effect can be neutralised by adding 
self indu^diion to the compensation circuit (inserting a spare 
relay, or sounder, will usuaEy have the desS’ed effect), dr s 
the line resistance may be raised by adding a resistance coil," 

Knf. ’f.Uta :QT1 'f’.inl a m-n ' 'Ti. ■ ; ' ' ' mT. . . 


b^t this entails an increase of battery power. The difficulty 
‘ipfeia*!' ‘ of-over a few milesin lengtli.,^. .r, :: 




Wc{ler& Graham. Ui Utho. London. 
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14. D. C. Duplex lias tlie same adv’-atjtages over S. 0. «ilouble 
duplex jbf D. C. simplex over S, C. simplex. The adjustment 
of tlie relay can be made more sensitive and a greater rate of 
sending is possible. Fig, 13 gives theoretical diagrams of D. C. 
duplef similar to that given for S. C. duplex in Fig, 4. A 
divided battery with S. 0. hey is showm f«r clearness in place 
of the single battery and D. C. key generally used. No “send 
and receive ” switch is required, while duplex working is going 
on. Following out the circuits as in case of S.C. working we 
■■■ '.have': — 

Case 1. — Up station only sending — When key is pressed 
the marking current divides at X through galvanometer coils 
to compensation circuit and to line — The two portions return 
through the relay coils and unite at Y, These currents, as in S. C. 
'working, produce equal and opposite eifects in the up galvano- 
meter and relay. At the same time the down station is sending a 
spacmg current which enters the up station from line through 
right coil of the galvanometer (in the opposite direction to the 
“up marking” current) through battery and out to earth, passing 
through relay from @ to The effect of this unbalanced cur- 
rent is to deflect the up galvanometer needle to the left and move 
or keep the tongue of the up i-elay to the spacing vStop. The 
currents in above explanation bave been considered as if each 
flowed independently of any other existing current, showing 
clearly, as is the case, that the deflection of galvanometer and 
“ spacing on I'elay are due to a spacing current being received 
from the down station, while the up marking citrrents do not 
affect their own instrument. We might describe tlie action 
perhaps more accurately by saying that tlie marking current to 
line from up station and spacing current from line from down 
station neutralize one another, leaving no current in the line 
branch, and the deflection of galvanometer needle and movement 
of relay tongue are produced by the up compensation (marking) 
current flowing unbalanced from D to U. 

Case 2. — Suppose while up station is sending, down 
station also sends, keys are pressed at both stations. The 
marking cun*ents from up station produce as before no elfect on 
up galvanometer or relay. The marking current from the down 
station enters the up station at @ flows through the relay and 
causes it to mark, ^nd through the galvanometer deflecting the 
needle to the right. As in the Case 1 we may consider the action 
from another point of view and say that the cuirenti iu the 
line branch is double that in the compensation branch, and 
therefore the relay marks and the galvanometer is deflected. 

7 The up station then receive^ signals at the sa^e time that 
. it is sending. # 

Case 3. — The down statiofl only sending\ Its marking 
cuiTent enters up station (as in Case 2) at flows through 
Ojpil to to line and through right coil of galvanometer back to 
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rdown station. At Uie same time the up station is sending a 
^\spacing” current dividing through up relay from U'cp D and 
from @ to ©and returning to 2 inc through the two coils of the 
galvanometer. These currents are equal and produce no efect on 
the instruments, while the down marking current, unbaraiiced, 
causes tlie relay to wfjrk and the galvanometer needle to deflect to 
the right, or as before we may say that the spacing current 
from iip^ station neutralises the marking current from down 
station, feaving no current on the line, while the compensation 
cuiTent unbalanced, from U to D, causes the relay to mark and 
the galvanometer needle to deflect. 

The action at the up '‘station only has been followed in 
the text, but by referring to Fig. 13 that at the down station can 
be similarly tiuced. The direction of the currents and the 
station from wddch they originate are shown l^y arrows marked 
U and D respectively. 

15. Fig. 14 gives the actual connections for D C duplex, up 
and down stations. In this diagram the condenser is .shown 
connected up across the terminals of the rheostat, and D 0 keys 
are used ; while working duplex the key swdtehcs are both kept 
at “ send/’ A switch, single and duplex, is added to the circuit, 
as in the case of single current duplex, to allow of simplex 
ivorking being employed if desired. 

Tracing marking currents when up station is sending 
and working duplex, we have capper of battery to C of key 
(the switches in both keys must be at send), to 3, to galvano- 
metei‘ (point X, Fig. 13) where it divides ; half flows through 
1 ‘ight coil of galvanometer to line, enters down relay at 
©, flows to (g), to d of sw'itch, to to 7 of key, to Z, througli 
battery to C, to 3 if down key is pressed, oi* from 7 to C 
through battery to Z, to 3 of key", if not pressed. From 3 it 
flows through coil of galvanometer to earth and returns to up 
station at @ to (Point Y, Fig. 13), The other half of the 
current flows through the left coil of the galvanometer, through 
the rheostat to e of switch, to a, to D of relay, to CJ where it 
, unites at the brass strap with the line portion of the current. 
The whole current timn flows from @ to d of switch, to 5, to 
7 of key, to Z, to xinc of hatteiy. 

The spacing currents from up station flow in same 
circuits hut in the opposite direction, and the down station is 
at the same time sending out a current (either marking or 
spacing). To understand uhe effect on any one relay or gal vano« 
meter the least confusing method is to trace each current as if 
flowing without reference to any other, and consider the resultant 
effect of the three on the instrpment in question ; thus three 
equal cnrreBts, one from U to JD, one from ® to © and one 
. from © to ® will cause the relay to mark. 

If the single and duplex switch be moved to single 
> as an ordinai^y D 0 set. At up station 
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CHAPTER VIII 


QUADRUPLEX* 

L Duplex telegraphy, as has been explained, means the Biplex. 
transmission on the same wire of two messages at once in 
oppodte directions. Sending two messages at once in the same 
direction on one wh'e is known as ‘‘ Diplex ” telegraphy, 
and by combining the two systems we get ‘‘ Qaadimplex 
working, four messages being vsent simultaneously, two in each 
direction. 

' Diplex worldng is effected as follows : — • 

co 2 itinuou>s current ffows to line. At the receiring station 
are two relays, one an ordinary polarized relay which works 
when the direction of the current is changed, whatever its 
strefngth ; the other, a non-polarized relay which works what- 
ever the direction of the current, but only when the strength 
of t'he normal current is increased. At the sending station is 
a double cuiTent key which reverses the direction of the current 
and thus works the polai'ized relay, and a single current key 
to increase the current strength and work the non-polarized 
relay. By working each of these aimangemen ts on the 
system already described, we get quadrupiex working. The 
doubl e curj*ent key and polarized relay at a station are known 
as the “A side” of the set, and the single current key and 
non-polarized relay as the B side.” 

2. The only instrument actually necessary for quadrupiex Special 
working, not ali'eady described in connection with other instrument 
systeims, is the non-polarized relay, but special forms of D 0 
and SO keys, and also of polarized relay and translating 
sounclei's, are generally employed for good working, and will be 
shortly described. 

>j.] The electro magnet coils of the non-polarized relay are ISTon-pokr- 
wourid in the same -way as those of the oi'dinary Post Office ked relay, 
stand ard relay and the ends brought to terminals U D and 
@ There is no permanent magnet to polarize the cores, 
and tljiese have pole pieces as shown in Pig. 1. The two soft 
imn j|trniatures are pivoted at their centres, and are made in 
two P'^ts (vide Bhg. 2). The two halves of each are brazed 
togetiie}' so that the two cores and two armatures-of the instru- 


^ dhe special iiistrumeiit^s required for Quadrupiex workiu}^ az‘e not 
service instruments, and would be obtained if required from the Post Office. 
‘^‘'Quad ” working is not suited to field lines, the insulation and reaistanee 
a rule, too variable to i:)ermifc the necessary fineness of adjustment. 
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merit shall not make a closed magnetic circuit, and the residual 
inaf'netism become too strong when the armatures touch the 
poles to allow of their release. When connected up for quad- 
rupiex working a (weak) cun-ent as mentioned above is always 
flowing in the circuit and the cores of the relay are magne- 
tized, 'and attract the armatures. It is immaterial in which 
direction this current is flowing, a.s the armatures are not 
polarized, and the ends are attracted always to the nearer pole. 
A light tongue is fixed to the pivot of the armatures, and by 
means of a spring attached to it (ride Figs. 1 and 2) tho 
armatures are prevented from actually touching the poles 
when tho attraction is only that due to the normal (weak) 
current. The tension of the spring can, however, be so 
adjiusted that tho poll of tho magnets when the strong current 


Jj'iG. 1.— 'K'on-Polarijicd Relay. 




2 . 


flows round them is sufficient to overcome the spring ac puli 
the armatures over. The end o£ the tongue plays betwe two 
contacts on a fi.ved cariuage ; normally it rests against t ^ftop 
marked M in Fig. 2 (corresponding to the “marking*' >p in 
a polarized relay), but when the armatures ai^e attract it is 
brought into contact with the insulated stop marked f ^ The 
tongue and “ M are connected to two (unlettered) tdiuuls 
on the base. It will be seen, therefore, that since th€>ugue 
is normally against the marking stop, the current in * local 
circuity is eon^tinuous till bro^ev*- by the working of tirelaj* 
?.:■ 'oThe ■ reason^r) ;.this \ap’ange;mentr'. m^that'--; 
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Suck reversals cause momentaiy breaks in the current, aud 
eiinse Jtie tongue of the relay to “ cliatter ” on tke spacing 
stop. Tke local circuit, kowever, remains con tinuonsly broken 
during a signal, in spite of this, partly due to tke inertia of 
tke (kornparativelj) keavj armature of the sounder, and partly 
due to tke relaj" tongue itself being somewhat sluggish, and 
not having time to make good contact with tke marking stop. 

Tke slight kick in tke relay is not, therefore, comniunicated 
to tke local circuit. If tke tongue wei^e normally against the 
spacing stop and completed tke local circuit when the armatures 
were attracted (as in ordinaxy relay working) tke least move- 
ment of tke armature and tongue'^would completely break the 
local circuit and the signals would be split. The sounder in 
this local circuit, tkei’efoi*e, works ‘^reversed,” that is its 
armature is normally down, and rises when a sti'ong current is 
sent from tke distant station. 

4. Tke signals are not easy to read when it is working in TJprigliting 
this way, and a translating sounder (or an “ uprigkfcing ’’ 
sounder as it is called when used for this purpose) is used in 
place of the ordinary pattern. To S and T of the translating 
sounder is connected a second local circuit containing an 
ordinary sounder, known as the “reading sounder,” on wkioli 
the signals are received in the usual way. The stops of tke 


Em. 3.— Uprighting Sounder (Post OiEce Pattern). 

nprigliting sounder are adjusted to give tlie lever very litilt 
play, and tlie sound does not interfere vrit-h tlie signals froir 
the reading sounder. The ‘Post Office pattern uprigMing 
sounder (S%. d) differs a little ttom the militaiy ttanslating 
, having a lighter lever, and the adjusting screw for 
marking) stop arranged as in the “recorder,” 
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a diagram of the Bon-polarized relay, upright- 
reading sounder connected up, m 


Fig. 4 gives 
ing sounder, and 


Fig, 4.--lSron-polanaed Kelaj and Local Circuit; 

^ 5. The special form of S.C. kev is illustrated ii 

IS designed simply as one half of a D.O. key, the 
lower swings corresponding to the front and 
ot an b.a key respectively. The connections to th 
bridge of the key are brought out to three ternii 


Increment 

feey. 
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t>. The reversing key, Fig. 6, is like an ordinary D.O. key- lleyersing 

fi'om wMch tke ‘‘ send and receive ” switch and its connecfcioiis key. 

have been removed. Screw studs with capstan heads form the 
lower contacts on the lever, as in the increment key.^ By 
adjosting the sci’ews, contact between the lever and^ lower 
springs can he maintained when the key^, is pressed till the 



Fig. 6. — Beversing Key. 


moment the top contacts of the lever touch the upper springs, 
and vice versa, -when the key is released. The object of this is 
to x>i'€ivent there being any interval of disconnection when 
working the key ; for as will be seen (Fig, 7) the increment 
and reversing keys are in series, and a dis in either will afect 
both the A and B sides. 

7. A pattern of Post Office standard relay, exactly similar in Polaiized 
design to that already described, but with thicker wire in the relay, 
coils, is generally employed for quadruplex working, since the Type B. 
current that hows when the B side is working is much greater 

than in other systems in which the relay is used, and might 
damage the hner wire of the ordinary pattern. This quadruplex 
relay is known as the Post Office standard, type B, its resistance 
is 200 ohms in seines and 50 ohms in parallel. 

8. Fig. 7 shows two stations connected up for quadruplex Quadruplex. 
working. The instruments are shown diagrammatieally and 

the local circuits omitted. Thetthin arrows represent “ A side 
currents, the^ thick ‘‘ B side currents; the case ^5:*epresented 


^ The ** Key, double-current, Mark III ” has such adjustable contacts^ 
apd can be used as a reTersing key. 
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''benig that of both A ’’ and ‘‘ B sides sending^ at each 
station. 2 ,e., all four keys down. 

Tlie Tarioiis conditions that arise -when working may best 
be understood by marking on a diagram, similar to fig. 7, 
the currents froin the batteries and noting their combined eifect 
on any particular i^uay or galvanometer. 

Smne of the different cases may be shortly summarized 
as follows: — 

Case 1. — All keys at rest. Batteries Ei only are working, 
sending out spacing ciiiTents. The elfective or “ unbalanced ” 
currents through the A relays are from D to U or ® to 
The same “ eifectivo ” currents how through the 1) U coils of 
the B relays, but are too weak to actuate them. None of the 
relays therefore work. 

Case 2. — Both A keys depressed. The currents are the 
same as in Case 1 , but reversed in direction. The effective 
currents therefore flow from @ to @ or tJ to D and work the 
A relays, but are still too weak to affect the B relays. 

Case 3. — All keys depressed. Conditions are the same 
as in Case 2 , but the strength of the currents are incx^eased and 
the B relays respond as well as the A x^elays (Fig. 7). 

Case 4. — Suppose A key depressed at up station and 
B key at down station. At the up station there will be weak 
currents from its own battery Ej through ®— @ and U— D 
of each relay, the effects of which will neutralize one another. 
There wdll also be a strong current from the down station 
batteries El 4 * En tIiJ?ough D — U of each up relay ; this curreut 
will hold the tongue of the A relay to the .spacing stop and work 
the B relay. At the doivn station there wdii be strong currents 
from the dowm batteries E 14 E 2 tlmough @ and U— D of 
both relays, and these produce equal and opposite effects. 
A weak current from Ej at the up station also flows unbalanced 
through @-~® of both relays, causing the A relay to work 
but not strong enough to affect the B relay. The general 
result, therefore, is that the up B relay and the doiim A relay 
work. 

<kmmtmtion can be followed out in a similar way. 

There are one^or ti-vo other points to notice in Fig. 7. 


'(joil, See. 
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The conjpensation circuit is showui complete as in Fig." 12, 
Chapter YII, with condenser, condenser coils, and retai^dation 
coils, to balance the line a.s accurately as possible. S is 
a resistance of 100 ohms called the ‘‘ spark coil ’’ placed between 
the large battea 7 Eg and the front stop of the increment key to 
. prerent a very large current flowing (followed by a heavy 
spark) the contact springs of the increment key are 
momentarily ahox^t circuited by- the lever when w’-Crking, 

n Is a resistance block made approximately equal to S4 
internal resistance of Eg, so that the total resistance of the 
circuit may be unaltered whether the increment key be up ^r 


Iliil 


QUADRUPLEX WORKING 

SHQWIHG ftftB SIDES SE.NDIHO AT BOTH STATIONS 
























QUADRUPLEX. 


down. The counection in which n is placed, viz., from the 
positivq^ole of Ei to the hack stop of the increment kej is 
called the * ■ tap wire;’’ 

The switch Q serves to put the line to earfch through the 
receiving part of the circuit, catting out the keys and battery, 
for convenience in halancing or for testing j^iir poses. It serves 
also to prevent the main batteries working when the circuit is 
not in use ; the relays being still in circuit the office can be 
called up if required. Between Q and earth is placed another 
fixed resistance, ^ 2 , equal to S 4- internal resistance of the whole 
battery Ei + Ej. Eor good wox'king the E,M.F, of Eg should be 
2^ times that of E^, so that when ^he increment key is down 
the E.M.F. applied to the circuit is 3^ times as great as when 
it is up. Batteries giving 30 volts and 70 volts respectively 
are commonly used for Ei and Eg on quadruplex cirouits. 

10. The complete connections for an 4 up ” quadruplex Oomplete 
station are shown in Fig. 8. The connections at the “ down ” Quad 
office are the same as at the up,” except that the line and ^^^nnections. 
compensation connections are reversed on the terminals of the 
galvanometer, and the battery connections on the reversing key. 

The apparatus at an office should be arranged so that the two 
sending clerks sit together in the centre, the messages to be 
forwarded being placed between them. The two receiving 
clerks sit next them, one on either aide. The section to the 
left of the switch is the A side, that on the right the B side. 

The circuits in Fig. 8 can be traced with the help of the 
diagrammatic circuit, Fig. 7. 

JlSFotb.— -In quadruplex working, the straps on the galvano- 
meter, and on the A side relay are not used, 

11. A system of working the B side without an uprighting Quadruples 

sounder has recently been introduced (October, 1905) in the '^pricing 
Post Office, and is shown in Fig. 9, , 

The connections on the S and M tex’minals of the B relay are 
revex'sed so that the local circuit is noiunally bx'oken; 

A sounder of 900 ohms i^esistance is used in the local circuit, 
a^nd an adjustable condenser of 2, 4, or 8 microfarads is joined 
across its coils with suitable resistances in the circuit to prolong 
the dischaige. By this ari^angement the magnetism in the 
coils of the sounder is kept up by a current from, the condenser 
when the momentary breaks due to reversals in the line current 
by the A side key take place. Split signals on the B side are 
thus prevented. 

12; A new pattern two-position switch with 9 terminals has 2^ine 
also been inti’oduced, and a D C key is used on the A side in terainal 
place of the x’e versing key, but jvith adjustable contacts like 
those of the latter on the B side,* a six-terminal key, as d^evscribed 
below, is used tu place of the inscrement key — one side only 
being connected up. 

**The Key, double -current, Mark III/^ has these adjustable eontaotii^ 
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each connected direct to a separate terminal, and the instrument 
consists of two S.O. keys side by side unconnected with one 
another. For use as a S.O. key, one side only, with its three 
terminals, is employed* To use for D.O* wwking the top 
terminals must be cross connected, and a separate two-way 
switcl) used for sending and recemng, Pig. 13. As 
a “ reversing key the cross connections, avS in Fig, 11, are 
required, and as an “ increment key, one side is used. 




* Hot daspibed in this book, hut used for D.O. sending with common 
tey working, and is practically a combined key and switch used as 


Fig-, 10. 
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Six terminal 18. This is a convenient place to notice shortly a pattern of 
iey tey lately introduced in the Post Office which can beeused in 

place of all other patterns, single or double current, except 
single current bey with switch.* It is illustrated in Pig. 10. 
Aa°the figure shows, it is constructed on the same lines as 
a D.C. key, or rather as a “reversing” key. It differs only 
from the latter in that its two bridges, front and back stops, are 
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THE HIGH^SPEED WHEATSTONE; AUTOMfATIC 
SYSTEM. 

1. When describing liow tlxe duplex system doubled the AufcdmEtio * 
amount of work that could be doiie on a single iine> it was 
explained that this method was often of little use for 
relieyiiig the press of work on military lines, as such pressure, 

when it occurred, was usually in one direction. The quad- 
ruples system, of course, is of more use in this respect, but 
requires experienced clerks and vei»y cai’eful adjustment. 

The automatic system increases the working capacity of aline 
hy greatly iiici'easing the rate at which messages can be sent. 

On all the circuits hitherto described, the signals are sent on 
the key hj Jiand, and the maximum x^ate at which a good 
clerk can send is about 35 words per minute. The operator 
gets tired also, and is liable to make mistakes and h)se time 
in making corrections. In the automatic system the hand- 
worked key is replaced by a machine capable of sending the 
dots and dashes at a maximum rate of from 200 to 400 words 
a minute, depending on the line conditions, and the messages 
are recorded at the receiving station on a tape hy an instru- 
ment veiy similar to the ordinary inkei\ The dots and 
dashes composing the message to be forwarded must be repre- 
sented ill a particular way by holes punched in a paper slip 
before they can be sent by the automatic transmitter, but 
several clerks may be employed af this, and with good 
punchers messages can be dealt with on a single wive as fast 
as on six or seven separate hand-worked circuits. The automatic 
apparatus consists of somewhat delicate mechanism and is 
rather heavy, and, therefore, unsuitable for field work but for 
more or less permanent offices on lines of communications it 
has been found exceedingly useful. 

Instruments for military use would probably be obtained 
from the Post Office, or would, at any rate, be the same as used 
by that department. 

. ’ The following description is taken from Technical Instruc- 
tions/’ published by the G.P.O. 

2. The automatic apparatus consists of three parts, the Apparatus 

/perforator, the transmitter, and the receiv'er^ but# a double * : 

' current key, •a galvanometer,* and a sounder are always ! ■ 

Aj^quired in addition, while a rheostat and a condenser are :/ ;; 

/also necessary where speeds in excess of 300 words per ■ ' ' 

lanfnute. ' are desired j the key and sounder enable the tele- 's/ 

■ h2 ' 

, - , , . 0 - . - - 9^' ■ \ 

ft/ tif/ to 
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0alvanO' 

meter. 


The 

perforator. 


graphist in ckarge of the circuit to obtain and give corrections 
and acknowledgments, or to work bj hand when the3?e is not 
sufficient traffic to demand automatic working, and the 
galvanometer checks the condition of the transmitter and key 
and indicates the strength of the current arriving from the 
; distant office, ® ^ 

3. The galvanometer should be supplied with a double- 
wound* shunt-resistance to cai'ry oE the extra current generated 
in the coils, 

4. The perforator, which is shown in plan and fr-ont 
elevation by Figs, 1 and 2, is purely mechanical in its action. 
Groups of perforations, corresponding to the letters of the 
alphabet, are made up by it in a slip of oiled paper, which is 
afterwards propeller! automatically through the transmitter. 


The keys or plungers aj, a^, Fig. 1; actuate five 
punches, I, 2, 3, 4*, 5, Fig. 2;\ When key a is depi’essed, it 

V * Ze., wound non -ind uetiTely — ^resistance about 800 ohms. ♦ ' , 




■0~h 



causes 1, 2, and B to perforate the paper in a vertical line, 

cJ 

thns: O ; the depression of ai causes 2 only to punch, thus: 

P 

O ; and the depression of ai causes 1, 2, 45jand 5 to perforate, 

o 

thus t o O ; a corresponding with a dot, ai with a space, and 

O' 

az with a dash. The centre row of perforations acts as a guide 
to keep the paper in its proper place in the transmitter, and 
as a rack by which it can be propelled. The perforations 
above and below the centre determine the number and order of 
the currents sent by the transmitter. 

Fig, 3 shows the mechanism placed beneath the cover, 
and Fig. 4 shows the levex's h, hi, and 62, which are pivoted in 


Fio. 3. 'Em. 4^ 

the block B under the base, and are connected respectively to 
the keys a, and Og. The opposite ends of the levers project 
upward through the base and terminate at the back of the 
mechanism (Fig. B) near the ends of the hve punches* Above 
and below the punches are two small rods, one of which is 
shewn at c, Big. B. These rods are provided with steel spiral 
springs for withdrawing the punches after the depression of 
the keys. Spiral spring are also used to restore keyfe and 
levers to theif normal position softer each operation. 

5. When key a is struck the eorreeponding lever h is Action of 
depressed ; the opposite end of this lever pushes forward the 
^ ptmehes 1, 2, 3 (Fig. 2), and the lever d (fig. which carries 
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tke smaller lever cli and the pawl e. By tliis movement the 
tkree punches are forced through, the paper slip, and perfora- 
tions representing a dot are produced; and also d draws 
forward di (to which the pin p acts as a fulcrum) and causes 
the pawl e to move back over one tooth of the star- wheel. 
■When the key rises^ the punches are withdrawn, as already 
explained, by the spiral springs c, and the pawl e, and its 
conneotiiig levers are made to resume their normal position by 
the action of the strong flat spring g, so that the paper is 
pushed forward one space by the pawl e, operating the star- 
wheel /. There are similar movements when the two keys 
ui, Ui are depressed, except that one punch only is actuated 
when {ti is depressed to form a space, and four when is 
depressed to form a dash. 

The lever /i, Fig. 3, is connected by means of a small rod 
passing through the base of the lever and is only actuated 
when a clash is punched. Its function is to regulate the move- 
ment of the pawl e. When either a dot or a space is punched, 
the movement of lever ch is limited by the tail-piece of /i, and 
the pawl moves over one tooth only of the star- wheel, pushing 
the slip one pace forward, but when is depressed, the lever 
h is raised so that the movement of di is not limited by 7i, 
but by the pin 7, and the pawl accordingly moves over two 
teeth of the star- wheel, so that when the key rises the paper 
advances two spaces. 

6. The machine is adjusted by means of the two screws, 
% which act upon the bent lever, h. It must be so adJiisDed 
that 1*20 centre guide holes and 120 spaces are produced in 
exactly 12 inches of paper. The adjustment of the screws, 
% i, moves the lever, /c, either inwards or outwards. If the 
end nearest the punches be moved towards them, then the 
perforations will be spread over a greater length of paper ; 
but if it he moved aw*ay from the punches, the perforations 
will be closer together and will occupy less paper. If a length 
of slip be taken containing 121 spacing perforations (which 
number may be obtained without counting, by punching the 
word ** telegraph” three times, incliidiiig the double space 
between the words, but no space after the last word), then the 
distance between the centres of the first and last holes must 
be exactly one foot. In other words, the distance between the 
centimes of any two adjacent guide holes should he exactly 
one-tenth of an inch. .Although a perforation more or 
less will not generally make any material di^erence to the 
working, it is important for high speed that the adjustment be 
accurate* ^ 

Ti?e fiat spring, g, can be adjusted by means of the 
screws, 9Zi, and must exert- sufficient force tO propel the 
' paper freely after each depression of the keys. The vertical 
. spring which carries the small grooved roller, r, is adjustable 
aimilar manner by means of two screws under the .bashr 
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It sboB^d exert just sufficient force to cause the pawl, e, to 
drop between the teeth of the star- wheel. When the keys, 
a or ai, are depressed, the pawd should move freely over one 
toothj^and when key, is depressed, it should be drawn back 
over two teeth of the star- wheel. If nndim force be required 
to produce this action between the pawl and the star- wheel, 
then it will probably be found that the rubber ring under the 
head of the faulty key is a little too thick. • 

The star- wheel frame is provided with a tail piece, 
which projects outwards through the vertical plate, o, o, on 
the left-hand side. Yfhen paper is inserted this tail is pulled 
towards the operator in order to move the star- wheel out of the 
•way, and as soon as the tail is released the wheel resumes its 
pi’Of>er poHition. 

The covexvs of perforators are hinged to the instrument, 
and fastened by means of a spring bolt on the right-hand side 
of the cover. . ' 

The star-wheel mechanism may be removed by with- 
drawing three small screws in the plate s (Fig. 3), and care- 
fully pushing the piece outwards. The star-wheel revolves in 
a groove filed in the brass piece, and it should be quite clear of 
the sides and bottom of the groove. 

Where two screws are provided for adjusting, 
should be taken always to release one before tightening the 
other, or the heads will probabty be broken olf or the cooks 
bent. Clamping screws also should be loosened before moving 
the adjusting screws which they clamp, and carefully tightened 
lip again when the adjustment is made. 

A gauge half an inch wide and nine mils thick should 
pass freely between the front plates. The standard width of 
]>erforator paper is from 472 to 475 mils, and its thickness 4 to 
4 |- ' ■ 

7. The electrical mechanism of the transmitter is shown in The 
Fig. ^ ^ transmitter, 

Tim contaet-pnints marked and those marked 

Z^, Z‘V are conne to the positive and negative 

poles of the transmitting battery, Between these contacts 
plays the eornpoiind lever BIJ, the two parts of which I) and 
tJ are insnlated from each o-ther, and are connected, as shown, 
vely and to up line or 

The lower is so pivoted, and the contacts are so 
aimanged that when D makes contact with Z**, U is in contact 
•with ; and when D moves against G*^, CJ is changed ovei^ to 
7j\ Thus reverse currents are sent to line. So loiag as the 
rt of DXJ is -fco the left, a “ spacing cuiTent is sent 
iiiid when it is to the right a ** marking ’i ctml?l^nt is 
being^ sent. •There are platinum contacts on the levers DU 

opposite the contact-points. 


A mil is 




do not interfere with the action of the lever. Upon the rods, 
hxit insulated from them, are screwed adjustable collets, 
K, Kh These will be again referred to when the action is 
described. 

The rods S and M are kept in their normal position 
against the screws B, by means of light spiral springs 

The screws B, should be adjusted wdth special 

reference to the standai'd gauge of slip {see para. 6). The 
, rods S and M pass on either side of a star-wheel W, which is 
of exactly the same description as that already referred to in 
/ “■ ' ^ the perforator* The wheel W is driven by the mechanism of 
the trsojsmitter. 

■ / " r**—'**' ; — — — r. — 

> . The function of the jockey wheel and spring is superseded in the newer 

" form of Wheatstone transmitter by a pennanenfe magnet with pole pieces 
, ; . which attract and hold the compound lever to either side, exactly as in the 
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A jockey wheel J, fitted at the end of a flat ^spring, 
presses against the upper end of the lever I), and se holds 
the compound lever firmly against the contacts 5 the lever 
cannot maintain the intermediate position shown in the 
figure.^ 

The bell-crank Wers A, A\ which are pivoted on the 
front of the transmitter, are the means by which the required 
movements of the compound lever DXJ are efleeted. At the 
ends of the vertical arms 0! these levers are hinged the rods 
H, respectively, and at the ends of the horizontal arms 
ai 4 hinged the vertical rods S, M, The free ends of the rods 
H, pass freely through holes in the lever D, and work in 
brass bearings, showm to the right of the lever, so that they 
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Y is an ebonite beam, piyoted at its centre^ and caused 
to Yibrate by means of a small crank driven by the clockwork. 

Projecting from Y are two steel pins P, PS against which the 
bell-crq^nk levers A, A^ are nominally maintained by the action 
of the spiral springs, 

The two spiral springs attached to the crank levers A, Aj 
are short, to prevent vibration being set njy in the springs 
■..■themselves.' ■ .' • ■ 

The star-wheel revolves in a slot cut in a brass platform 
attached to the frame of the clockwork, and the two rods 
S, M 'work in similar slots on each side of that for the wheel. 

The star- wheel is so geared thjffc the npwai’d movement 
of the rods S, M, if properly adjusted, takes place when the 
perforations in the paper slip come exactly opposite the ends of 
the rods. 

The perforated slip is kept in position on the star- wheel 
by a roller which is pressed into gear with the star- wheel by 
means of a spring. The position of this roller is so limited 
that it does not press upon the paper, but only prevents it from 
rising out of position. In it are gaps to keep it free of the rods 
S, M in their upward movement, and the central portion is 
toothed to gear with the teeth of the star- wheel. 

8. When the transmitter trainwork is started, the rocking Action of 
beam Y is set into vibration, and the pins P, move alter- transmitter, 
nately up and down. When P rises, the horizontal arm of A is 
fx*ee to rise also, and the spring .93 causes it to do so. The rod 
H is thereby moved toivards the right, and the collet K there- 
fore pashes the lower end of the lever I)U towards the right 
also. The pin P^ simultaneously descends, pres.siiig A^ down, 
and moving the collet clear of the compound lever. The 
pressure off he jockey wheel J ensures smart and decided action 
of DU. When the pin P^ rises in its turn, the reverse action 
place : H is moved to the left, so that K is clear of tlie 
wer end of the lever, and is moved to the right, so that 
pushes the upper end of the lever smartly to the right. 

Wheu the transr^^^^ is running without slip, this alter- 
nate motion, which, as has been already indicated, reverses 
the current sent to line, takes place regularly without interrup- 
tion, and simple rapid reversals take place, because the 
beil^crank levers, and the reds attached, are free to follow the 
alternate motion of the pins P, P^ 

When unpuached paper is inserted, both the rods S, M 
are pressed downwards and the pins P, P^ in their motion do 
not actuate the bell-crank levers A, A^ ; the lever DU, con- 
sequently, does not move, and a permanent current is therefore 
sent to Hue. " « ^ 

^ • do 

If now slip, perforated (sayj with the letter O O O ( 
be’inserted, then when rod M rises it will be free to pSs though 
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■: "^lie first upper bole, and the lever UD will be moved and will 

send a “marking ” current ; -when the reverse movement of the 
rocking beam Y takes place, rod S will be free to pass through 
; the first lower hole, and the current sent hj DU will be 

reversed; a dot will therefore have been sent. On the next 
, movement of the rooking beam, M will be free to pass through 

.- the second upper hole, and the length of the “ spacing current 

is consec^uentlT precisely equal to that of the previous “ mark- 
ing current (dot). The marking current being now on, when 
the rocking beam leaves S free to rise, it is prevented from so 
doing by the paper, which is not perforated below the second 
, upper hole. In this oase,^ therefore, the marking current is 

kept on until the rod S is again free to rise, which it can do 
' through the second lower hole, and the current is then reversed. 

5 It w'iii be seen that the marking current is therefore kept on 

. - during movements equal to two dots and the space bet^veen, 

J ;': . and this is the recognised length of a dash. It is thus clear 

;!■ that when properly perforated slip is run through the trans- 

£ mitter, any required Morse signals — dots, dashes, and spaces — 

j '‘J[ can be automatically sent to the line. 

; :f Adjustment 9. One end of the flat spring, which carries the jockey 
: of trans* wheel J, is attached to a brass piece U, Fig. 5, which is in turn 

? S screwed rigidly to the frame of the clockwork. The upper side 

j of F is Y-shaped, and the tension of the spring is adjustable 

f if by means of the two screws which fasten it to its support. It 

I should have sufficient tension to enable it to push the lever DU 

I. ' suddenly to the right or left when either of the collets K or 

j ' pushes it beyond the centre of the jockey wheel. 

1 The collets K and K} can be adjusted by being screw^ed 

j forward or backward : their correct position maybe found by 

I i; running the transmitter with a blank slip, when the bar should 

(...if remain unafiected, whether resting in its right or left position, 

I '.‘5 collets must, however, be sufficiently close to push the bar 

. 'I over the centre when the slip is removed, so as to allow the 

•< - jockey roller to complete the movement. 

In order to ensure reliable action at high speed, it is 
; essential that the spiral springs ss and S 4 be strong enough to 

. easily overcome the tension of the flat spring acting through 

' j| ' the jockey wheel upon the lever. The amount of play allowed 

^ between tlie contact screw and the lever D when it is reslwng 

; ; on Z% or mce versa, is about o mils. The contacts 0^ ^nd 

'Jpi v " should be adjusted to suit, so as to preserve similar distances 

R , The exact positions of the vertical rods S and M are 

t ‘ ^ regulated by the screw B, ^'ig. 5; each of the rods should 

be BOHiiidju^t^d that it commences to enter a perforation in the 
V ' . . . slip when the left-hand edge pf the perforation sufficiently 
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edges of"* the perforation, and the mechanism will not acr 
properl>^" ' ■■ . . 

The* springs $% and S2 pnll the rods S, M back against the 
screw.s P when they have become sufficiently withdrawn to be 
justclWof the strip. . Altbougli these springs are very light, 
they must be strong enough to caiise the rols to return to their 
normal positions promptly. 

The speed of slip should be capable of adjustment.bet ween 
not more than 7 and not less than 80 feet (400 words) per 
minute (see Speed table, p. 136). Tbe thickness of the upper 
contact-arm 11 should not exceed 17 mils at the base and 
12 mils at the top. The space between the paper roller and the 
platform, which is determined by the position of the stop-pin for 
the roller, should bo from. 8 to 10 mils wide. The tops of the 
vertical rods should be hat, and when in their lowest position 
they should be just level with the upper surface of the platform. 

Good signals should be produced on the receiver with 
the coils joined in series (E^ig. 15) when a punched slip is 
passed through at any speed from the lowest to the highest, 
the current employed being 17*5 milliamperes (see para. 14). 

Marking and spacing contacts of equal duration should be made 
for reversals.*’ This should be proved by the needle of an 
induced galvanometer temporarily placed in circuit remaining 
at 2ero or moving equal distances on each side whilst the 
instrument is running at any speed. 

10. An important part of the mechanism of the clockwork Speed 
is the ‘‘ €y ” and its regulator, by means of which the speed of regulator 
running is determined. The fiy is so designed that the clock- 
work shall start at as nearly as possible the required 
Its construction inay be seen from MgvS. 6, 7, 8, and 9. 0 is a 

toothed wheel fixed on an ax ie A, on wliieh is also fixed the 
disc D (Fig. 6). One end of the spring; S is pinned to the 
wheel 0, the opposite end being pinned to a small ratchet collet 
B, which admits of adjustment of the springs so as to oppose 
more or less resistance to the expansion of the iiy wings F 
The wheel 0 gears with tw'o similar wheels, Oi and O2, to 
the fiy wdngB are attached, and these two latter wheels are free 
to turn upon the axes ai, % wffiich are fitted in the cross- 
pieces 5, Si rigidly fi.xed upon the axle A. 

♦The action of the spiral spring S is to turn Oi, Cg, and 
their wings, to the position shotvn by Fig, 8, in which position 
their motion is least retarded by the resistance of the air 
When the clockwork is set in motion, the fiy turns with 
axle A,^ and the lupid rotation tends to cause the wings to 
in the direction of the ayrows by centrifugal force, and 
the position indicated in Fig. 9 5 the teadericyiifeam^^^ 
by tbfe tension of the spiral spring S, and tlie speed of 
being controlled by the increased or decreased resistance 
^ the air offers to the motion of the wings consequent on 
size of the circle which they describe ; or, more correctly, 
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the resistaECe offered by the air is proportional to the di^erenee 
of the area of the two concentric circles described fmm the 
centre of axis A to the inner and outer edges of the % wings, 
as shown hy dotted lines in Figs. 8 and 9. ^ 

The regulator provides the necessary mechanical con- 
nection between the train-worh and the ffy. It is shown in 
Figs. 6 and 7. 

A solid steel disc I), the outer surface of which is an 
accurate plane, is rigidly attached to the fly axle A. To the 
axle Ai, which is directly in gear with the clock-work train, is 
also fixed a similar steel disc Bi, and between I) and is 


Fio. 6. 

placed a small intermediate disc d, of German silwer, having a 
polished periphery. The disc d is pivoted in a small brass 
frame, which can be shifted backwards or forwards by means 
of a lever projecting upwards from the back of the instrument ; 
thus d can be made to gear with the edge of the disc Di and 
the inner surface of the disc®, as in Fig. 6, or it can gear with 
the inner surface of Di and the outer edge of D, as in Fig. 7. 
The dfec hnd the intermediate are kept in close contact 
with Di by means of the jewelled spring J, Fig. 6, %o that if the 
disc Di be turned by the clockwork, it will turn the coBneoting 
disc d, and the latter will turn the disc I) and the fiy-axle A to 
, which it is rigidly fixed. • 
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"Whea the intermediate disc d is adjusted to tke positioff 
indicate^ in Fig. 6, the disc Di tends to turn it rapidly, since 
there is a large circumference gearing against a smaller. 
Similarly the disc d tends to turn the disc D quickly ; hence a 
comparatively slow motion of the axle A, will impart a quick 
motion to the axle A and the fly. When, however, the position 
of d is as shown in Fig. then the smaller circumference of 
Di, gearing by friction with d, and the latter gearing in the 






jFig . 9. 

same manner with the larger circumference of D will cause 
even a quick motion of Ai to impar*fc a comj^arativel/ slow motion 
to A. 

The instrument may be adjusted to imn anj^peed 
between tlie^inimum and the maximum limits by ifteansof the 
lever, which is pivoted to the •framework of the instrument, 
and is connected to the movable frame in which the small disc 
is pivoted. It will be noticed from this description that the 
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Taster tlie % is driven the slower is the motion of the train- 
work, and vice versa. In fact, the exiiansion of the fl j m conse- 
quence of the speed at -whieli it is driven acts as a brake upon 
the driving gearing. 

The surfaces of the discs must on no account be oiled 
and, should they Accidentally become so, must be carefully 
cleaned, as grease causes slipping and consequent irregularity 


The chains which carry the driving weight are made up 
of links, which, as shown by Pig, 10, are cut Y-shaped at their 
openings. This device allo^vs of any two links being snapped 
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toptier wlion held as Rhown by Mcf. 11. Before a chain is 
joined, care must be taken to see that it is not twisted, as when 
the links are snapped together they cannot he separated except 
by breaking. A 

^ 11. A triple switch under the base of the transmitter cud 
off the line and battery from the key when the transmitter train 
is running, and connects them to the electrical contacts of the 
transmitter. It is actuated by the starting and sfcoppino’ 
lever. A plan of this switch is shown in the diairrams of 
connections, Pig, 12. : ^ 

. The battery is permanently connected, as sbown in the 
hgure, to the terminals which lead to two of the switch bars 
and the down line or earth is connected to the third bar The 
switch is shown in the position it occupies when the transmitter 
tmm is at rest. The connections made in the two positions of 
the switch can be easily traced from the figure. 

12. The receiver is shown in elevation by Kg, 13, 

The upper portion contains the clockwork. The ink 
reservoir, the adjusting screw for the magnets (S), aiid the 
paper guides are attached to the front of the instrument The 
lower portion contains the electrical mechanism. The instru- 
y.. ; ■ practically, is an ordinary polarized relay, worked bv the 

aad surmounted by a train of clockwork 
means of a weight; its speed of running is 
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between two steel projecting pieces, a and Z>, wliicli keep it irm 
tbe rigbf position to be marked by the inking disc, m. It then 
passes between the two rollers, Q and Q\ vYhich are for carrying 
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pressed against it. ^ w mart the slip when. 


cli ini f T position by means of the screw C. If the latter be 

slightly nnscrewed (not removed), the hood G may bi slipped 
off and the discs m and d exposed for cleaning wlen 
L^rew Mf‘ ’s secured in its place by the thnmb- 

bytSwl”^^"^ clockwork is effected 
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The (Electro- magnets wliich work tlie recording ai^maturS* 
consist erf two bobbins of fine silk- covered copper wire having 
cores of carefully annealed soft iron. If these cores were 
provided with a cross piece they w^oiild then form what is 
generally known as a liorse-sboe shaped electro -magnet. But 
greater rapidity of magnetic action is obtained by dispensing 
with the cross-piece and providing a second tongue or armature 
at the lower end of the axle, and polarized in the opposite 
direction to the upper one by means of the other pole of the 
inducing magnet. The ariwigement of the tpngueSj armature, 
and inducing magnet is shown by Fig. 14. ISf ear the top of 
the axle G a long beiit tongue J is Jfeed in a similar , direction 
to the tongues Sb At the bent end of J a slot is cut in 
which the axle A revolves, being kept in position by means of 
the fiat spring F, one end of which is screwed to the tongue J, 
near the axle. 

The inking disc w, is fixed at the end of the axle A. 

13. The adjustment towards “ marking ” or “ spacing ’’ is Adjustment 
effected by altering the position of the electro- magnet with of receiver, 
respect to the tongues, by the turning of the upper edge of 
the screw S (Fig. 13) to the left for a spacing, and to the right 
for a marking bias. To produce a bias towards ^tspacing ’’ the 
portion of the electro-magnet on the left-hand side of the 
tongues is caused to recede, while the portion on their right is 
made to approach. This movement of the electro-magnet is 
reversed if a bias towards marking ’’ is required. 

The coils are each wound with two wires, each having 
a resistance of 200 ohms, wddeh were then joined in parallel 
inside the instrument (Figs 15 and 16), so that the resistance 




between U and .T), and that bet-ween @ and ® is 100 ohms. 
When, therefore, by means of the links the coiis^ are ioined 
externally for^series, the total resistance is 200 ohms.» 

Gn^ reference to Fig. 15 where the coils are connected 
for series exteimally, it will be seen that a current entering at 
tei;minal U has a path open to it around each bobbin: but in 
(1258) , ^ X , 

.7'' .;'7"' ;7 '!:':.7' ■ '7. -7 - .v 7; 7 '7 ^7: , "'X'' ■■7:''’’'^7'7l:' 7.'’’ '■77777’7:';7:-; 
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Fig. 16, where the links are connected in parallel, a cuiTent 
entering at terminal U also proceeds, by means of tbe^link, to 
terminal ® and it therefore has two paths around each bobbin 
open to it. The effect of this is to reduce the resistance of the 
instrament from 200 ohms to one-fonrth, or 50 ohms, and so 
make it suitable aF simplex for short lines or lines with inter- 
mediate offices. 

On the simplex lines in wet or foggy weather, when 
the leakage of the line is considerable, it may become necessary 
to revert to ‘‘series*^ externally in order to obtain sufficient 
magnetic effiect to produce good marks at a moderately bigh 
speed, but this should never be done on lines having inter* 
mediate offices except by arrangement with all offices in 
circuit. 
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and electrical portion (the Receiver Tram^') may be detacbed 
from tbS driTing’ part (the Receiver Motor ”) without waiting 
for the weight to run down, or rniming the risk of damage by 
letting it down by hand. The construction of this arrangement 
is shown by Figs. 17, 18, and 19. ^ 

Fig. 18 shows the bayonet joint which gears the clock- 
work with the w^eight, The long axle G- is provided with a 
socket W to receive the end of the axle H (Figs. 17 tmd 18), 
projecting from the clockwork ; near the end of this axle is 
fixed a strong piii A (Fig. 18) , which gears behind a pro- 
jection, B, and is held in that position by the action of the 
weight, which keeps the fiat sarface*of the slot pr8>ssed against 
the pin. 



Fin. 19. 




The detaching geai' is represented by Fig. ]9. The teeth 
of the click-wheel D into which the pawl E is made to 
engage when required, are nndercat in snch a manner that when 
the pawl is placed in gear with the wheel it becomes locked. 
Tlio normal position ot the pawl B is, of course, away from 
the click- wheel ; but, in order to separate one portion of the 
instrument from the other, the elockwox-k is allowed to run 
the pawl is thrown OTer, and .is then pressed against the 
click-wheel by the spidng C. By this means th3\wei;^ is 
brought to a*standstill and securely locked until the click- 
wheel is turned (hy means of a handle), shown at the ino-ht- 
hand end of the axle, G, Fig. 17), into such a position s» to 
permit of the pawl being easily disengaged. 

(1258) * . i2 
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M'eeliiinieul 
adjustmenfc 
o£ receiver. 


weight 


After the weight is stopped by E acting upon the click- 
wheel D, the axie H is carried forward by the momentum 
acquired by the clockwork into the position sliowpx in Fig. 18, 
80 that the pin A is clear of the projection B, and then, jf the 
biiiciing screws on ^eacli side of the clockwork portion are 
released, the p>arts may be easily separated. 

Owing to the facility with which the receiver train can 
in this way be separated from the motor, it is rarely necessary 
to remove the latter from the instrnment table. 

A meehauical alarm, which indicates when the 
requires winding up, is now fitted npon the motor. 

14. Tlie permanent mechanical adjustment of the receiver 
is a simple matter and only requires a little care. 

By partly turning the screw at the top of plate B, 
Fig. Id, the plate, which is lunged at the bottom, can be let 
down, thus exposing two small adjusting screws with a pro- 
jection from the lower tongue playing between them. The 
easiest method of adjusting is as follows : — 

Allow the slip to run at the rate of about 15 feet per 
minute, then keep the tongue pressed gently against the left 
hand screw; if a line appear on the slip, advance the screw 
until it is broken into dots; then withdraw the screw slowly 
until the line appears unbroken, when a further very slight 
withdrawal will insure the necessary margin. The tongue 
should then be pressed gently against the screw on the right 
hand side, the screw being advanced until a regular broken line 
(irregular dots) appears on the slip, when it should be slowly 
withdrawal until the slip runs out clean, and as in the first 
adjustment, a small margin should be given by a slight further 
withdrawal of the screw. 

It sometimes happens that the tongue, owing to a dirty 
state of the inking discs, requires a great deal of play 
between the screw’s. The effect of this is to considerably 
reduce the speed of working when the current is weak, and it is 
therefore important to keep the inkwell and the discs as clean 
as possible. 

The inking-disc, being dry, should pick up ink promptly 
when tlie train is set running at lowest speed. The standard 
breadth of maidcs is 16 mils. The standard thickness of Moi’se 
paper— an important matter in connection with high speed 
apparatus — is mils. The coils of the magnets should be 
differential wdth 50 Daniell cells without external resistance, 
€are being taken that the current is passed through the coils in 
both directions. With a properly adjusted transmitter, the 
reefer shy>uld work at a speed of at least 400 words per 
minute (the coils being in series), with 20 Daniell cells through 
800 ohms external resistance, a condenser of '’2mf capacity 
being joined across the external resistance. (Figure of merit 
1 7*5 milliamperes) . 

, Fig. 12 is^a diagram of an automatic set connected hp. 
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An np station only is sliown ; tlie diagram is tlie same for a 
down siktion except that the line and earth connections are 
changed over. 'S^^hen the switch of the automatic transmitter 
is in the “ off’’ position and the transmitter at rest, a D, 0. key 
is in circuit, and for receiving the automatic receiver works as 
z^elay to a local sounder circuit, the clockwork train being at 
rest. This arrangement allows of the office being worked by 
hand as an ordinary D. 0. set when thez^e is no -press of 
business. Currents how of course in the local sounder circuit 
when the recorder is i*eceiving signals from the automatio 
transmitter, but when the latter is running at any speed the 
revei'sals of current follow too rapidly fox" the heavy armature 
of the sounder to respond to them. 

15. On land lines where a speed of 300 words per minute Oompensa- 
and upwards is x'equired, a shunted condenser must be used at ^ 

the receiving end of the line. It is placed in the line in series eneei- 
with the receiving instrument and is known as a “ com- 
pensating condenser.” 

The general principle involved in the application of 
condensers to the receiving end of a line as far as the receiving 
electro-magnets are concerned may be understood from the 
diagram, fig. 20. 

Diagram A shows a steady marking euiTent flowing 
tlii’ougli line resistance R, >shunt Hi, and receivingv magnet 
coils L. The condenser is charged as shown. 

Diagram B shows the cuiments flowing at the moment 
the battery current is reversed. The currents from and into 
the condenser, discharging it and r^-charging it in the opposite 
direction, are shown by dotted arrows, as also is the “ extra 
current” caused by the self induction of the coils. These 
extra ” currents of coil and condenser are in opposite dmec- 
tions, and hy properly adjusting the capacity of K, and the 
resistance of Hi, the condenser current can be made to 
neuti’alize that from the coil which otherwise, as seen by the 
direction of its arrow, tends to keep the battery cuxTent flowing 
in the old direction, and stop it rising quickly to its full value 
in the new, thus preventing the reversals taking place at the 
veiy I’-apid rate required. The necessity for the .shunt 
resistance Hi will be obvious, as otherwise the two sides of the 
condenser would be at the same potential, and it would hold no 
charge, 

When the extra currents at the moment of x^eversal 
have ceased, the condition of affairs will be as shown in 
diagram C, and when the battery current is agaixi reversed, the 
currents wdll be momentarily repi’esented as in diagram D, and 
then again as in diagram A. The self induction of Tke rei?^er 
or relay may,ffiowe%^er, be compeia.sated for without using con- 
densers, by joining the recemng instrumentvS in series with 
a resistance the value of which is dependent on the self induc- 
tio'ii of the receiving instrument, and increases with the 
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Pow. :j maximum speed required. For example, \Yitli an ^average 

' I receiver witli coils in series, an added resistance of 12,000 oiims 

and a sigDalling voltage of 120 sliould give a speed of 400 
words per loixiute, wliile tlie same receiver wdtli coils joined in 
parallel, an added resistance of 3,000 and a voltage of 60 
should be capable ol recording signals at tbe same speed. Tbe 
exact amount of resistance required differs with di:fferent 
specirneirs of the same form of receiving instenmeiit, and also 
J ' witli different transmitters, the intervals of break in tbe 

' transmitter and the resistance of the battery liaving a con- 

I ■ sidenibie influence . 

I The effect of capacity in the line is to increase the: 

? delay action produced by the self induction of the relay, and it 

^ cannot be o'verconm by increasing the line resistance ; shunted 

i ’ condensers must be used. In cable circuits a shunted con- 

denser is inserted at either end of the circuit. 

UnpIc'X. 1 ( 3 ^ Fig, 21 shows method of connecting up an automatic 

set for sirnplex and duplex working: up station. For a down 
station as in former diagram the line and earth connections are 
merely reversed. By means of the switches the circuit can be 
■worked D.C. by hand oi' automatic, and either simplex or 
duplex. When receiving signals, working simplex, the com^ 
penBation circuit” (rlieostat, condensei’, cfec.) is in seines wnth 
the line between the galvanometer and receiving relay. The 
values to which the resistances and capacity have then to be 
adjusted, may be different from those required when working 
duplex. The second switch marked “ battery” and “resist- 
ance ” is used to cut off the battery when wwking duplexv 
and insert in place of it a resistance r equal to its intexmal 
resi, stance. By this means tbe S battery is saved when ixo 
w^ork is going on, while it is still possible to call up the statiom 
Adjustments 17, On ordinary land lines the procedure for the attainment 
of ‘'Siiaplei” of maximum speeds should be as far as possible, as follows : 
aiitomaUc, receiving, Office should request the vseiiding office to 

turn his key switch to “send,” for a minute, the voltage in use 
being as a general rule lOO. 

(b) The receiver or relay coils being connected in series, the 
receiving office should then raise or lower his resistance in the 
, eompensating shunt rheostat till 20^ (or 8 I’nilliamperes) is 

aV. . indicated on the half coil of the differential galvanometer. 

' ^ (c) Blip should then be run throogh the distant transmitter, 

and the receiving office should alter his coii denser values 
the best results are obtained. The actual speed obtained with 
I', . ‘ ; y,, the most accurate compensation depends on the capacity, 

I ^ ^ resistance, and seif inductioxi xff the line, but generally speak- 

II ' ; ; ing, tue higher the unit capacity of the line, and tbe lower the 

ll « , compensating shunt, the greater the amount of 1L*Dmpensating 

„,nected in parallel, the doffection on the half coil of the 


[chap. lx. 







CHAP. IX.] -WHEATSTONE. 135 

galvaoometer should be adjusted to indicate 35“^ (16 mifR- 
amper^) and the required compensafcing capacity will then be 
found for the same circuit to be greater than in the case of 
series^ connections. 

(e) On circuits having a considerable amount of capacity in 
proportion to the conductor resistance, ^the addition of a 
shunted condenser at the transmitting end of the line, enables 
an additional increase of speed to be obtained. A coiidenser in 
this position is called a signalling condenser/’ and its value 
in microfarads should be equal to the discharge value of the 
line at the sending end under its working conditions, the shunt 
being equal iu ohmic resistance to •the conductor. 

The duplex speed on any line is practically slightly less 
than two thirds of the highest attainable ‘‘ simplex ” speeds 
obtained with the most advantageous compensating arrange- 
ments, 

18. A table for ascertaining the actual speed of traus- Speed table, 
mission on a Wheatstone circuit is given on next pag'e. 
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Table for AsCERTAiifiNG the Actual Speed of TEANSMisstojf 
W iiEA'r3TO]!^E Automatic Circuits. 

Direcfio}i-~Viiss lO feet of perforated slip (representing 50 averagely 
througii the ti^nsmitter, and observe the time occupied. 


Number of 
Words 
per Minute, 


Number of 
Words 
per Minute. 


Time 

Oceuj)ied. 


Number of 
Words 
perAIinute. 


Time 

Occupied. 


Time 

Occupied. 


Seconds. 


Seconds, 

24 

24i 


Seconds. 

66 
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CHAPTEE X ♦ 

THEOET OF THE TELEPHONE. • 

Elemeiiiar If Telephone, 

1. The elementary telephone is m.strnnxent by means of 
which the mechanical energy of sound waves can be converted 
into electrical energy mid vies versa. It is applied, as we know, 
more particularly to the sound wvaves which constitute human 
speech, and tlie telephone enables us to transmit them over 
considerable distances in the form of variable elective currents 
which are again converted back into sound waves at the 
receiving end. 

2. Sound possesses three qualities, viz : — (a) pitch, which is Elementarj 
dependent on the number of weaves in a given time ; telephone. 
{h) intensity or loudness, which depends on the size of the 

waves ; and (c) quality, which depends on the shape and 
regularity of the waves. 

3. A simple musical note can be represented by a regular Sound waves, 
series of uniform undulations (Fig. 1) but the sound waves in 

human speech are of a much more complex character. Pitch 


Line I 



Fto. 1. Fiu. 2 , — Beirs Telephone. 


and quality can be reproduced wdth remarkable fidelity by the 
telephone, hut there is always a very considerable loss in the 
volume of sound or loudness. 

4. Tlie principle of the elementary telephone is shown in Simple tele- 
Fig. 2, (Bj and (B^) are permanent bar magnets with soft phon^* 
iron pole pieces and coils of fine insulated wire wound round 
their ends; (A) and (A^) are thin diaphragms of soft iron, 
usually tinned, or of ferrotype (to prevent rusting), and the 
coils are connected together as shown. Sound waves striking 
the diaphragm (A) cause it io vibrate in unison with those 
"waves. , 

b. The xiiovement of the diaphragm causes chlJuges in the Action, 
magnetic held due to the magnet (B), and there is consequently 
a current induced in the coil (see Chapter I, para. 50). This 
<3urrent passes through the coil on (B^) and causes a vaxiation 
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Phelps- 

^Edison 

transmitter. 


iu the strength of the magnetic field. (A^) is thus subject to 
a, fluctuating pull, and is set into vibration, its increments 
corresponding with those of (A) ; (A^ thus reproduces the 
sound ■waves. This arrangement, however, io only effective 
over short' distances as the currents produced by the 'sound 
weaves acting on diaphragm are very minute. As the 
resistance of the line increases, the effects diminish rapidly. 

6. Edison therefore devised his carbon transmitter with 
a view to securing greater energy. This transmitting arrange- 
ment consists of a transmitter and a battery arranged as in 
Fig. 3. (A) is the transmitter consisting of a case containing 

tw^o platinum plates separated by a disc of compressed lamp- 
black. A diaphi'agm with a button in its centime presse\s 
against one of the platinum plates ; (B) is a receiver similar to 
tliose shown in Fig. 2, and (0) a battery. The platinum plates 
are the terminals of the transmitter. The vibration of the 
diaphiugm causes variation of the pressure between the platinum 
plates and so produces variation in the resistance in the trans- 
mitter, causing corresponding cuiTent variations. It was at that 
time believed that the current changes were due to variations 


Hughfcs 

miijatiphone. 
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«" Ls/np 

SA 

i Line Z or Ejartfv refum 

Fi0. 3. 

taking place in the electrical resistance of carbon, wdieii pressure 
is exerted upon it, but Hughes discovered that the explanation 
lay in tlie quality of the contact, demonstrating that a loose 
coaitaci between the electrodes, ■whatever their material, is pre- 
ferable to a firm one. He showed this experimentally with his 
iiail microphone, w’hich is illustrated in Fig. 4. This was 
extraordinarily sensitive but not practically useful. The loo.se 
contact principle being established, it only remained to defuse 
a practical transmitter. For various reasons it wuis found that 
the best material to use for this purpose was carbon. 

7. Some forms of fcruiismittei’'s (or microphones) ax^e 
described later. Hughes’ arrangement (Fig. 5) consisted of 
two carbon blocks (B) secured to a diaphragm (D) between 
which a carbon pencil (G) loosely secured in circular 
X'ficesses as shown. There are other transmitfers constructed 
on the same principle, the ynproveraeuts on the original 
Hug^S mmngement consisting principally in providing a 
larger number of contacts and in slightly damping the nattu'al 
vibration of the diaphjragm. Simple transmitters of this type 
are satisfactory for lines of low resistance, the transmitter 
being put directly in circuit wdth the battery, receiver, and 
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Hue wire as sliowu ia Fig. 3, but with lines of considerabfe 
resLstarife the aiu'angeiiient is unsuitable, as the following 
example will show. Assume the resistance of a transmitter to 
vai-j 4 ohm above or below the normal when ifc is spoken 
into, and the resistance (ii) of the circuit to be 20 then the 
resistance of the whole circuit varies betvn^en 19 w and 21 w ; 



FiO. 4— 'Hughes Nail ^ ^ ^ ^ 

Microphone. Kicrophone. 


and consequentlj the current variation is 5 per cent. If now 
(H) be increased to 1,000 w, the current variations will onlj^ be 
i/lO per cent, and the etfect on the distant receiver -will be 
eoiTespondinglj'' diminished. To get over this difficulty, it is 
necessary to make the variations in the microphone circuit 
indeperideiit of the line resistance and an induction coil 
furnishes the means of effecting this. 

8. The induction coil consists of a soft iron core (preferably Induction 
a hnndie of thin, soft iron wires) on wdiich are wound a few 
turns of comparatively tliiek insulated copper wire. Over this 
is 'iVDund another coil, composed of a large number of turns of 
Oner insulated copper wire. The thick wire coil is termed the ^ 

primary and the hue wire coil the secondary (see Chapter T, 
para.s. 53 and 63). The transmitting arrangement is then as in 



Fig. 6. It is obvious with this arrangement that the circuit in 
which the microphone is placed is of small resistanqe, a^cMhafc 
eonscquentlyi»the current variations w^jH be consklt‘rabl6 and 
independent of line rcBistance. These current variations in the 
primary induce correspondingly varying E.M.F/s in the 
secondary, and by ‘^stepping up/’ i,e., by making the turns of 
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t.lie secondary iiiiTnerons compared with those of the^primary, 
tlie induced E3[,P/s are of liigli voltage and thei'efore well 
calculated to secure transmission of energy over lines of liigli 
resistance. ^ r 

0. It must be remembered, however, that the induction coil 
cannot crkate elebtrical enex^gy, but merely tx’ansforms tlie 
energy furnished by the battery into a fonn suitable for the 
purpose^ in hand, high E.M.F. and small current instead of 
relatively large current and low E.M.F. 

10. The arrangement illustrated in Fig. 6 provides for the 
transmission of speech, but it is also necessary to arrange for 
attracting attention at the'clistant station. The volume of sound 
produced in the receiver by the voice is seldom sufficient for 
this purpose, and other means have to be x^esorted to. 


Methods of 


Battery and 
trembling 
bell call. 


Trembling 

beUs. 


of Gcdlinq, 

11. The methods of calling in use with telephones are 
described under the following heads : — 

(a) Push-piece, battery, and trembling bell. 
ifi) Magneto generator and polarised bell. 

((;) Yibrating call. 

(d!) Visual call. 

12. Trembling bells actuated by a battery were the first 
type of call to be adopted for telephone use. Their disadvan- 
tages, however, which consist in the weight and bulk, and the 
necessity for maintenance of the battery, and in the fact that 
more than t>YO sets cannot be used on one cii'cuit, have caused 
them to be generally snpei’seded, and they are no longer used 
with telephones in the seiwice. Since they may be met with 
outside the service, and since the same method is used for other 
purposes in the service, a description of them working is given. 
The details of service trembling bells will be found in Chap. XI. 

13. Trembling bells, of which there are endless varieties in 
use, consist of an electro-magnet (A) {see Fig. 7), an armature 
(C), pivoted at (B), and carrying a hammer (D), and a gong 
(H). The armature, when at rest, is held by a spring against 
the stop (E). This spring may be either a flat spring clamped 
at one end to the hase of the instrument, axid at the othex’ to 
the airmature, as shown in Fig. 7 ; or a spiral spring. The 
stop (E) is connected to one terminal (F), the pivot (B) of the 
armature to one end of the coil, and the other end of the coil 
to the other terminal (G). 

A current entering at (F) flows the stop (E) to the 
arilTtbt-nre,^.and so through the coils and out to the other ter- 
minal, This current, however, in passing through the electro- 
magnet attracts the armature away from the contact (E), and 
causes the hammer (D) to stidke the bell. As soon as the 
armature moves, the circuit is broken at (E), and the current 






Fig-. -T.-— T rembling Bell. 

14. Tb 6 complete circuit of a telephone fitted with, battery Arrangement 
aud trembling bell as a call is given in Fig, 8. It will be switches, 
noticed that there are three s witches, or keys, in each set :~— 

{({) To connect the line to the ringing or speaking circnit 
as required. ® 

h) To bring batterj or bell into the ringing circuit as 
■ .required. 

(c) To break the microphone circuit when not in use, bo as 
to prevent the batterj trom becoming exhausted. 

The arm-,pf switch (a) is frequently extended to a hook, 
t, to hold the receiver, and^ is so arranged that when the 
r is on the hook they ri nging circuit is coiinected to tW 
leady to send or receive a call j but when the receiver is 
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ceases; the coil ceases to be a magnet, and the armature dies 
back agi^fn to the stop (E). As soon as contact is made again 
at (E), the armature is attracted again, striking another blow : 
the ari^ature therefore moves continually to and fro between 
gon^f and stop so long as the current flows. 

it will be seen at once that the currenl? which passes, the 
bell will be of a very intermittent nature, and not at all suit- 
able to actuate another bell. In some patterns, however, this 
is obviated by making the armature short circuit the bell each 
time it is attracted. 
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A^angement 
and switches. 


Magneto- 
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lifted^ to listen, a spring pulls the switcli over, so, that tli^ 
speaking portion is in line. ^ ' 

Switch (c) is also sometimes worked automatically bv thp 
same switch. , 

Switch (6) generally takes the form of a push-piece, whi^h 
normally puts the IMl in the linginjg circuit, but which, when 

pressed, substitutes the battery for it, 

mtor awl #. by means of alternating currents 

pokrised bell magneto generator which actuate a polarised 

call. bell IS that employed in most modern telephones both in and 

out of the semoe. The generator is comparatively light and 

needsmo attention, and the current is not interrupted in any 
way by ^passing through the polarised bell. The generator 
acts on the principle described in Chap. I, para. 50 

n®” ““«sts of an electro- 

magnet. (A) a centrally pivoted armature (B), to which in 
rigidly attached an arm (0) carrying a hammer (D) twb 
gongs (GG), and a permanent steel magnet (NS) The south 


PolaHsod 

bells. 








Pio. 9. — Polaiised Bell. 

pole of the permanent magnet is placed directly over the centre 
of the armature sc that the centre of the anni^t,ure ha7a noib 

^ flowing through the 

electro-magnet causes its ends to he of opposite polS to 

eadi other; tiius, one end attracts the armature while 

« « »i»i, .t, A, iij, ...d i, „ .CSg £ 

polarity is quickly and constantly reversed causino* 
tu^yo rock, and the hammer "to oscilll 

switches are essentially required in a 
telephone “'agneto ringing as were referred to in 

para. li. iJiey, ho;Hever, vary somewhat in detail and fbp 

SSruS"" “I'^ost every pattern 
circiiT is'^mth^lhe ^%Sfg 

fiaS Xto?(‘.?g'bVat ®Tr‘^ 
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the form* of an automatic cut-out actuated by the handle 
the generator, ‘which short circuits the ^generator except when 
the handle is turned. Thus the resistance of the generator is 
avoided -wliea receiving a ringing current. This is the more 
imporSant, as in some cases the secondary speaking circuit is in 
series with bell and generator. « 

As most of the newer telephones are fitted with hand 
receivers, the microphone .switch (c) is placed in thp handle 
of the hand telephone, where it can readily be pressed by tbe 
fingers when speaking or listening. 

18. In very light portable telephones the generator is dis- Tibrating 
paused with, and a call is given by ♦a small vibrator, working 
on the principle described in Chap. XV, the call being heard 
as a buzz in the receiver. This call is not very loud, and con- 
stant attention on the part of the operator is required. It has, 
however, the advantage common to all vibrators, that it will 
act through very leaky lines. 

19. Tlie vibrator is generally inserted in the microphone Arraugement 
circuit, the battery and primary coil being common to both, switelies.. 
A push-piece is provided to bring it into action. 

20. Visual calls are practically only used in exchanges. Tisual 
They are dealt with in Chap. XIII. 

Nmyiber of Telephonies on One Oimiit. 

21. As far as transmission of speech is concerned, there is SpeaMug 
practically no limit to the number of telephones which can be 
connected up on one circuit. For example, it is perfectly 
feasible for a news agency to distribute intelligence to a large 
number of subscribers simultaneously over a teiepbone wire, 
one transmitter being used at the head office. In such a case 
speech only is involved, as the subscribers are spoken to at 
certain fixed hours. 

22. Under ordinary conditions, however, the calling arrange- Mltng 
me-nts present difficulties when more than a strictly limited 
number of instruments are connected up on the same circuit. 

Telephones may be connected up in two different ways (see 
Fig. 10), either in series ( (a) single line, (h) metallic cix’cuit), 
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of'in parallel, bridge for metallic circuit (c), and leak aOi* single 
line (c/}. 

23. The series arrangeineiifc shown in (n) and (&), Kg. 10, 

presents no difficulties about calling up wlien generators are 
used, but is inadmissablc with trembling bells, since the current 
is interrupted instrument. It has, however, for 

generators the serious disadvantage that the bells at the dis- 
engaged stations are in the speaking circuit of any two stations 
who may be in communication. Furthermore, disconnection 
of the line breaks down the system altogether, whei^eas with 
the bridge system the breakdown is only partial. The vseries 
arrangement is one which is seldom or never adopted 
nowadays. 

24. In the parallel arrangement the current generated at 
any station has a number of alternative paths open to it, and 
thus the distant station with wdiich it is required to com- 
nnmicate 'will only receive a portion of the cuiTent, the amount 
depending on the respective resistances of the other outlets. 
In practice this can be got over with generator circuits by 
using powerful generators and high resistance sensitive) 
bells, but even then about six instruments on one circuit is 
about tbe limit for satisfactory results. With vibrator calls, 
the current required to pi’od lice a biizss in the receiver is so 
small that the amount lost at intermediate stations is of small 
consequence. 
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CHAPTER XI 


TRANSMITTERS, RECEIYERS, GENERATORS, AND 

BELLS. " 


Transmitters, 

1. Ail telephone transmitters no^r in use are micropliones Ader and 
wMoli are developments of the Hughes microphone described trans- 

described in Chap. X, para. 7. Tiie first development consisted 
in increasing the number of oai'bon pencils to 8 or 10, and 
mounting themi in carbon blocks attached to a thin diaphragm 
or sounding board of pine. 

The Ader and Grower transmitters wei’e both of this form, 
and are obsolete, though they may occasionally be met with. 
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contacts in tie carbon grannies, increases i 
msadrantage lies in tie fact that the granule 
tightly together, so that they require shakin 
speaking is obtained. 

Nearly ali modem transmitter 
-tlun Kings; tbe yATieties of form 
all alike in utilising carbon shot 
ments consist chiefly in deyices to 
carbon. 

Hand, A. Mark I, C Mark 
consists of a f ^ 
cup, rouglitmeci to" break .u, 
caps fits loosely over a circular 
sliowii in the figure. 


efficiency. Its 
a^t to pack 
^p before good 

'B are modifications of the 
■m are nnmerons, but tW are 
Qt pi; granules. The improve- 
-j minimise the packing of the 

3. Ericsson’s traBsmitter, which is used in Telephones 

ferr;^ype d.aphra^, to >vhioh is attached"a brass 
k _np the granules if they pack The 
. r carbon block of the section 
and strip of felt round the block pSvIuts ,: 


'Ericsson’s ■ 
transmitter 


j 5" Kiffo^pe Diophragm 
Brass Cap. 

"'Carbon Granules. 
--Feir lining arwada for 
— Damping Spring. 

~ 9roovc. 

“"•Feir wrapping 

I ■ Indiarubber Band, 
q •"-Damping spring. 

"Ericsson Transmitter. 


Carbon block 
To primary coil — «li! 
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kot prevents damp from affecting them • ■( 
damaged it is thrown away and a new one i 


Rannai wad. 


f Mica disc. 

■Carbon diaphragm. 

• F'lannel jack«r glued to 
carbon diaphragm and 
ja^encd To cart>on block 
wiTh wire. 

Carbon block, 

:ng carbon block. 


ineral case 

Hexgon nuf. 

Mica wash ar.X^ 
Vulconijed ^ibn® washers 

Plafinum confacf. 


3. — Ca];)sule. 


TMs {« e • *T^ transmitter tor Telephone Set sets D, 

Ihisia a microphone of the capsule type, contained It, 

alumimnm case. It is provided with a sprint 

^7 an ebonite button, which 
It ciicuit when pressed. The top of the case can ho 
to give ready access to the capsule. 

Receivers, 



Boiiblo pole 
lic‘H receiver. 
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resistance of 120 ohms, and tlie ends are made off to two 
terminals. These terminals are attadied to. hnt insulted ft-oY 
tLciMvcal „e..l c.,s» (C), ,I.icl,, ite.'n „ 

.ecujei to lie „,g.ei ( 4 ,. Ti, (d) se?eivea cS 

to (G), clamps between itself and fG) a thin ^ 

diaphragm (E), s:vhich touches (C) and (D) only at'^Hs 
periphery. F,^ed in (D), and just clear of (E), is a^soft iron 


ring (®, called a “ suVexcitatenr •’ separaten^m VETbTa 
brass washer. The rlinnhrftcynr ,*0 i ^ ^ 


brass washer. The diapiragm"“a^) irad 

of the soft iron cores by a brass washer 

TJie object of the iron ring (E) is to act a.s a keeper to ih^ 
pole-pieces, thus increasmg the strength of the field thron,!lf 
the diaphragm (E). The mouthpiece (D) is usually mado^f 
ebonite. A twin cord 2 feet 9 inches long is used S thh. 
lecmver, hnown as Cord, telephone, Adei\ 

oriJnaT^nSr^^® » modification of the 

oijgmal Bell receirer. The construction yaries somewhar 

make, bat the following description is fai 3 *Iy 


’ Tio. 5.-DouWe Pole Bell Eeceirer. 


® brass or non-magnetic metal case 
skeathed with ebonite. Within it is secured a U sha^ & 
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permanent laagnet, witli soft iron pole-pieces, upon wliicli ar?" 
won^d coils of insulated wire. The two ends of tlie coils 
:are led down the case to two terminals in the base of the 

instrument. (D) is a screw bj means of which the position of 
the magnet and pole-pieces can be adjusted in a longitudinal 
direction. (E) is a thin ferro-tjpe diaphragrm which is clamped 
between (A) and the ear-piece (F), (F) is threaded to screw 

on to (A), and is usuailj made of ebonite. 

8. A £rreat variety of patterns of watch receivers may be Watch 
encountered, and the following desezuption applies to the receiver, 
receiver forming part of Hand Telephone A ; all other patterns 
lire generally similar %. 6). , 

Ebonile. 



Papc.r WosVien. 

Cond board disc 
Coils. 
InsulaRon* 



iron core.. 


Ci»*Y>pouncS mojnef 

- C3 rin^) 


Scefion 


V 

11 


i 5 ! 

:ii4 


; J!t 
i A' 


; I' t 

i' s 


Fiu. 0. — ^Wateb Beceiver. 


The permanent magnet is ring-shaped, and consists of two 
*or three separate steel ring magnets, fastened together by 
■screws. The north and south poles lie at opposite ends of a 
•diameter, and to these two points are screwed inwardly project- 
ing soft iron pole-pieces, which, as they approach each other, 

411*6 turned upwards through a right angle to an L shape. The 
upper portions, which are very close to one another, are wound 
with flat coils of wire to a resistance of 135 ohms. The whole 
of the above is contained in a ease of non-magnetic metal, 
4hrough ■which, at the back, but insulated from it by ebonite 
voollets, pass two small bolts to which the ends of the coils are 
attached. Sci'ewed to the top of the case is an ebonite ear- 
piece; between the latter and the case the feixo-type diaphragm 
is clamped at a distance of about A- inch from the top o£ tllfe 
.pole-pieces. , _ y 

With ail receivers care mush be taken to see that the ends 
of the coils are not short-circuited, and that the diaphx*agm is 
the correct distance from the poles of the magnet. In many * 
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•patterns the n‘m of the case and the ends of the pofe-pieees -u-r 
in the same plane, and this clearance is obtained bii insei-Hno- 
one or more washers, made of paper or brass. In soVvict 
instruments the paper washers are saturated with melted 
paraffin wax, to render them damp-proof. • 

9. “Telephone receiver head, Mark I ” is a watch type 
leceiver fastened to a circular steel spring, which is desicrned to 
pass over the head, and hold the receiver asrainsfc tl!l 
(». riS 7), Tbe.tha. e.a.f th, STitt 

to olo.se the other ear. It is used on busy telephone exchanw-j’ 
and with ^ ihratop telegraph. The receiver inclndes a 4 feet 

SnstSfnf conneoting'it to 


Xelepbone re- 
ceiver, head, 
Bfark L 


-o-ix tsui-ouKsnion or mdiarubber is provided to fit 
ear-piece of the receiver for i-n i ^6r tlio- 

raceiver. 7o°abnlarised as Cord, telephone. Head 

is a wWlv^oTmtS^v^ Portable, D Mark II 
of leather and wire ® 


Xalephone 
rsets, portahl 
D, mrk II, 
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^l)ack by m€ans of a screw. Ifc is coiitaioed in a leatker easQ 
wh-^h is#btted with web bands for fastening round the head 
wifcma bilckle. 

Hand Telephones, 

11. A Yariety of imines have been applied to the now 
familiar combination of transmitter and receiver in one piece 
of apparatns, which is connected by flexible conductors to the 
telephone instrument. Among them micro-telephone,” 
^^operator’s telephone,” and ‘‘ converser ” may he mentioned. 
The Yocabnlary name for the service patterns is Telephones, 
Hand.” 

No less than six patterns exist jn the service, viz. : Tele- 
phones, Hand, A Mark I, A Mark II, B, 0 Mark I, G I^Tark 11, 
and D, which are very similar in general design. A feature 
common to them ail is the switch, which, projects from the 
handle, and is pressed by the fingers when speaking or 
listening. All hand telephones are issued complete with 
flexible cords, the latter can also be obtained separatel 3 ^ 

Hand telephones, A Marks I and 11, and I) are electrically 
the same, and can be used with any telephone sets except 
0 Marks I and IF, which require hand telephones of the same 
letter and mark as themselves ; for Transmitter, vibrating, 
Mark IV* ; for Switches, telephone, 5 and 10-line; and for 
Vlbt*ator, telegraph. Hand telephone C Mark II is intended 
for use with Vibrator, telegraph, and by joining up in a special 
manner, for Transmitter, vibrating, Mark lY. 

12. Telephone, Hand, A Mark I” is intended for use with 
office telephone sets, Telephone, Portable, A, and Switch-boards 
telephone exchange. lb was also used with Ti’ansmitber, 
vibrating, Mark IV It is now obsolescent, being superseded 
by Mark II. 

The instrument is of Messrs. Bricsson^s design, and is 
illustrated in Fig. 8. The receiver is that already described 
in para. 8, and illustrated in Fig. 0, and the coils are wound 
with *004-inch wire to a resistanco of 135 ohms. The trans- 
mitter is described in para. 3, and illustrated in Fig. 2. The 
switch is a simple contact maker for the mici*ophone circuit, 
and the flexible cord has four conductors, two for the receiver 
and two for the transmitter. The 'cord is known as ‘‘Cord, 
telephone, A,” is 4 feet long, and quadruple. 

13. “ Telephone, Hand, A Mark II ” is generally similar to 
Mark I, and is used for the same piarposes. The alternations 
are intended to make it more durable, and are avS follows : — * 

(a) The receiver leads are entirel}^ enclosed in the case 
instead of coming tla’ough the handle and being 
attached to terminals outside the receiver.-^* ^ 

(5) The ear- piece comprises^ a threaded metal collar , with 
a removable ebonite disc, instead of being, wholly 
ebonite screwed direct to the body of the receiver. 

(e) The transmitter is of the capsule type. 


Patterns of 
hand tele- 
phone. 


Telephone, 
Hand, A, 
Mark I. 


Telephone, 
Hand, A, 
Mark H. 
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Fio. 8.— lelcplionc, Hand, A, Mark I. 

lone, Hand, B is used only with “ Telephone 
a, -which js practically obsolete, and will not 
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^ lo. T^lepibone, Hand, C Mai*]x I ” is also of Exdcsson’s 
a0d is generally similar to A Mark L It is used with. 

Telephone sets, Port able, C Mark I,” and is equipped with 
Oord, t^iepbone, 0* The monthpieee is of rubber to avoid 
damage from rough usage. For diagram, see Chap. XII, Pig. 5. 

The chief point of difference lies in the Switch, which has 
an additional contact, for the pui’pose of short-circuiting 
receiver and secondary of induction coil when at rest. The 
conductors are therefore, two for receiver, one for transmitter, 
stud one for switch. Care must be taken in joining up this 
instrument to get the conductors on the right terminals of the 
telephone. t 

16. “Telephone, Hand, 0 Mark 11^’ is intended for use 
with “Telephone sets, Portable, C Mark II,” and “ Vibrator, 



SKETCH OF 
SWITCH . 




Fio. 9.— Telephone, Hand, 0 Mark II. 


telegraph, Mark T.” It is the 'latest designed of the hand 
telephones, and differs considerably from the others, being 
^ecially prepared to stand damp' and rough usage (see Mg. 9). 


Telephone, 
Hand, C, 
Mark I, 


Telephone, 
Hand, 0, 
Mark II* 
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Teleplione, 
hand, B* 
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^ It is made of aluminium, the handle consivstiiig of a tube ' 
covered wifck leather, v?hicl'i is prevented from presJng 
switch when shrunk with wet by an ebonite collar. The ends 
of the tube are closed by scre-w plugs, and the collars carrying 
the microphone and receiver cases can be removed by taking 
out a screw. r 

The receiver is Tvound -with •003-inoh wdre to a resistance of 
120 ohms, and the microphone is of the capsule type. The 
month-piece is a leather hood, and is hinged to lie fiat along 
the handle.; The cord used is “ Cord, telephone, C Mat’k II/* 
which torminates in hook-shaped contacts, labelled Ml, M2, 
El, K2. The connections of these are showm in :Fig. 6. 
Chap. XII. When used with Telephone set, Portable, 
C Mark II, M2 is spare. 

17. “ Telephone, Hand, D,” is nsed with Telephone set, 
portable, D, Mark I, and, though electrically similar to 
A Mark I, is mechanically of a special construction, in order 
to decrease its length and bulk when packed in its leather case. 
This is effected by mountmg the transmitter and receiver on 
a telescopic instead of a rigid tube, and by using a hinged 
plate instead of the ordinary mouth-piece. The switch is 
a simple microphone switch, and the cord is ‘‘ Cord, tele- 
phone, D/’ length 3 feet. 


Generators. 

18. The magneto generators which form part of the various 
telephone sets are described in Chap. XII. Thex’e ax'e, how- 
ever, in the service two marks of a generator which is used 
l)y itself for alarm circuits, known as “ Genei^atoi", magneto, A/^ 
Mark I and Mark 11. 

19. Generator, magneto, A, Mark I Pig. 10), is of the 
ordinary tjpe, with three magnets, and is contained in a 
walnut box with a door, fitted for screwing to a wall. The 
armature is wound with 'OOB-inch wdre to a i^esistanee of 
300 ohms. It is capable of ringing Bell elective, P, Mark I, 
through a resistance of 20.000 ohms. The didving gear is 
140 : 37. 

20. Generator, magneto, A, Mark II, is generally the same 
as Mark I, but differs in the following particulars : — 

(a) The resistance of the armature winding is 700 ohms. 

(5) It is fitted with a cut-out (see Pig. 6, Chap. XII), 
which disconnects the instrument except wlien in use. 
Care must therefore be taken to join them up in 

- parallel and not in series. When the handle is turned 
the spindle revolves freely until a pin- on it enters 
a Y-sfaaped slot ini washer fixed to the ’ driving] 
, ^ wheej L the spindle then nioves to the left, and causeei 
, . the diiving wheel to rotate, at the same time dom^ 


1 







Fig. 10. — Generator Magneto A, Mark I. 
Bells, 


21. A general description of the principles involved in tlie OlassiHeatior 
working of electric bells lias alx^eaclj been given in Chap. X, 
paras. 13 and 16. Details of the instrutnents used in the 

service will now follow. Bells are classed under two heads, 
bells electric, battery, and bells electric, magneto. 

22. “Bell electric, batteiy, Mark Til,” previously known as Bell electric, 
“ Bell, chattering, Mark II I/V is similar in principle to the battery, 
trembling bells described in Chap. X. The magnet lias two III. 
coils of 50 ohms resistance each, ‘wound with -wire of *0076 inch 
diameter, the ends of which are brought to connecting blocks, 
so that they can be jomed. in series or in parallel as required. 

The armature is held against the contact pillar by means of 
an adjustable helical spring. The gong is three*" inches in 
diameter (see Fig. 11). 

When used on local circuits the coils should always be 
up in parallel, giving the minimum x^sistance^ of 
E^en this is large for the purpose, and consequently 
IV* has been produced. * 

^VBell, electric battery, Mark IV,’' is a low resistance Bell 
bell,;, designed , for use on local circuits, aud for 
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pie ting the circuit by closing a spring contact at fue 
fother end. 


nn 



general purposes. It is of a less elaborate and cheaper 
than Mark III ; the armature works with a flat steel sn 
and the coils are wound with -018 inch wire to a resistam 
d ohms fw each bobbin. It has a d-inch gong, and should 
through 30 ohms resistance with two Leclanehe cells. 


FiS. 11. — Bell Electric Battery, Mart IH. 

. 24 “ Bell electric, magneto, P, Mark I ” (Fig. 
formed/' Bell alarm,” is designed for alarm ci 
a pol^wd^-bell, for use with alternating cui-rent 
wound with -OM-inch wire to a resistance of 500 
ot the two bobbins, are fixed on the arm whic 
hammer, and he between tiro horse-shoe perman 
J:he_ coils and magnets are enclosed in a cas 
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S^iii^anding m. an indiariilbber cusliion/ to keep tke wet out, aifed 
two^goiigs are of 6-moli diameter, 

A new pattern of tkis bell is under consideration, wliich Bell, elect rie. 
will be more watertight, and easier to adinst. magneto, P, 

26. “Bell electric, magneto, Q,” formerly known as “ Bell Bell electricv 
extension,” is a polarised bell designed for 'tse as an extension magnefco, Q, 
bell with magneto telephones requiring a low resistance bell. 

It is of the ordinary piToted armature type, and is fix^d to the 
bottom of the lid of a box, the two 2~incli gongs being outside 
the lid. The t-wo coils are wound with •006-incli wire to a resist- 
ance of 200 ohms. The terminals are on the outside of the 
box, and are provided with a smaU serrated lightning dis- 
charger. 

27, “ Bell electric, magneto, B,’! is a polarised bell of high Bell electric,, 
resistance designed for use as an extension bell with the newer magneto, K. 
types of magneto telephone. It is similar to the Q type 

except that the coils are w'ound with ’0048-10 ch ware to a resist- 
ance of 1,000 ohms. 
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. ' . TELEPHONE SETS. 

1. A telephone set is a complete instrument (but without 
battery), needing only two lines, or a line and eai-th, for use. 
Yery many Tarieties exist in commercial use; the Service 
patterns are as follows : — 

Telephone sets. Office:-— 

Jdark 11 (obsolescent), magneto, low resistance bell. 
Mark III, table type, magneto, high resistance bell." 

Telephone sets, Wall. Wall type, magneto, high resistance 
bell. 

Telephone sots, Portable : — 

A, magneto, low resistance bell, for coast defence 
purposes. 

B (obsolete), magneto, low resistance bell. 

C, Mark I (obsolescent), magneto, low resistance bell. 
G, Mark II, magneto, high resistance bell, 

D, Mark I (obsolescent), vibrator call. 

I), Mark II, vibrator call. 

Telephone sets, Phonopore, for milway purposes. 

A list of the constants of the various patterns will be found 
at the end of the chapter. 

Telephone sets, Office, Mark 11. 

2. Telephone sets. Office, Mark II, formerly known as “ Bell, 
lolansed, was the earliest type of magneto telephone to be 
introduced into the Service. They are now obsolete for any 
purpose but working on the short lines of exchanges, where the 
woaknes^s of the magneto, and the low resistance of the bell 
are not disadvantageous. 

The sot, except for Telephone, Hand, A, which forms pai-t of 
t is_ enclosed m a box, with a handle at the top, aid the 

generator projecting from one 
separately provided, and may oon- 
sm,. of anj LeclMche or dry colls, preferably large ones. A 
diagram is given m Big. 1, • Jo 

-ninf magnets, and an armature wound 

700 ohms, and it is 

capable of rin^ng its own hell through a resistance of- 









Sf£,OCtO ohms. When the generator is at rest, an antoma’STc 
€W-oufc freraoTes its resistance from the circuit. This is 
arranged bj a shunt between the spindle spring (G) and the 
crank%eariiig (H), which is in metallic contact with the crank 
and crank pin (1")), which tonches the driving wheel (A), which 
is in contact with the armature through th^ bearing ; the two 
ends of the armature windings are thei'efore short-circuited. 

When the handle is turned clockwise the pin (D) moves in the 
slot (B) against the pull of the spring (F) till it touches the 
insulating block (C) ; the crank and dxuving wheel then turn 
together, but the shunt is broken at the pin. 

"4. The bell is of the ordinary p| voted armature type, the 
are -woand with *00?-inch wdre to a resistance of 
140 ohms; the gongs are 2 inches in diameter. Provision is 
made at the brass straps (K, E) for the insertion of an addi- 
tional bell, wdiich may be required at a distance/ This bell 
would be in series, and the straps must therefoi^e be joined by 
a piece of wire if no extra bell is used. Bell electric, 
magneto, Q, is a suitable pattern for the purpose. 

5. The primary of the induction coil is -wound with *018-inch luductiou 
wire to a resistance of 2*6 ohms, the secondary with *00o-inch 

wire to a resistance of 290 ohms. 

6. A line switch, in the form of a hook on w’’hich the hand 
telephone hangs, puts L2 either to secondary speaking, or to 
ringing circuit. The generator, as before stated, is shunted 
when at rest. The microphone switch is in the handle of the 

• hand telephone. The hook for the hand telephone is 
awkwardly placed, as to hang the hand telephone on it it is 
necessary to place the set at the edge of a table or shelf. 

7. Protection from lightning must be provided separately. Pightning 

diecharger 

8. Ringing portion I-— ■ ■■. 

Short circuit the lines, and turn the handle of the generator 
(switch down). The bell should ring, as generator and bell 
are in series. If not, the generator may be tested by 
ciremting the linCvS with the tips of the moistened fingers 
turning the handle, when a cuxrent should be felt. 

Speaking portion J — * 

Short circuit lines (swdt eh up), and move handle of micro- 
phone switch. Clicks should be heard in the receiver. If 
sound, fauh is probably in — 

(a) Line switch, 

(h) Battery. 

, (c) Receiver. 

(d) Microphone s-vvitch, or coi'ds, 

line s-witch. P5r (h), disconnect 
use detector. For (c), disconnect at E 
and MB, when clicks should be heard. 
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To test microplioTie, short circuit lines (switca up), ap^l' 
blow into microphone; sounds should be heard in the .^eceiv^r. 

Telephone sets, Q-ffi-ce^ Mark III. ^ 

9. This instrument is o£ the pattern usually known as desk,, 
or table, and has superseded Mark II for general purposes. The 
hand telephone rests in a ci’adie at the top, which actuates the 
line switch; and a six- fold cord, 6 feet 3 inches long (known 
as ‘‘ Cord, telephone, Ofhce ”) from the table portion, carr-ies the 
connections for the two lines, the batteiy, and for an extra bell, 
to a rosette, which can he fixed at a distance along with the 
hatteiy. Telephone, hand, A, is included in the set ; any two 
large Leclanche or dry ceils can he used as battery. A diagram 
is giyen in Pig. 2. 

10. The generator has four magnets, and the armatui-e is. 
wound with '606-inch wire to a resistance of 500 ohms. It can 
ring its own bell through a resistance of 25,000 ohms. The 
generator and bell are joined in series, but the cut-out in the 
generator short circuits the bell wdien calling as -well as the 
generator when at rest. When the generator is at rest, the- 
incoming current passes through the bell to the spring (FGH), 
and throogh the contact (H), to the spindle (A) ; when the 
handle is turned, the pin (P) works in a V-shaped groove (S),. 
and forces the spindle to the right, thereby disconnecting at 
(H), which removes the short circuit from the generate!', at 
the same time allowing the spring (FGH) to make contact 
at (J), which short circuits the bell. 

11. The bell is of the pivoted armature type, with two* 
2-/3-inch gongs. The two coils of the magnet ai'e wound with 
‘0036-inch wire to a resistance of 1,000 ohms. 

12. The primary of the induction coil is of *01 75-inch wire,, 
w^ound to a resistance of 1*2 ohms, the secondary of *0084-inch 
wire to a resistance of 76 ohms. 

13. The ringing, and secondary speaking circuits are in 
series, and either is short circuited by means of the line switch, 
which is actuated by the weight of the hand telephone resting 
in a crutch at the top of the instrument. The cut-out device 
of the generator short circuits either generator or bell. The 
microphone switch is in the handle of the hand telephone. 

The ring-otf button, when pressed, actuates a double switch. 
The top part, through which the connection from Line 1 to the* 
secondary circuit and line switch passes when at rest, is 
arranged to bunch the lines when pressed. The bottom part is 
disconnected when at rest,, and, when pressed, connects, 
bunched lines through the generator to earth; for this 
pnrpo»e connected to E on the rosette. Thus by pressing” 
the ring-ofE button and working the generator a current can he 
sent out on the two lines in parallel for a ring-o:ffi signal ; or by 
prasdug the buHon alone the bunched lines are earthed (for- 
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ns¥, see Qia.p. XIII, para. 17 j. The band telephone must be 
on the crutch when the rime-oil sienal is sent. 

14!% wo small dischargers of the plate type are provided in Lightning 
the rosette, but these are hardly sufficient for complete pro- chschargero. 
tection. ^ 

15. Hinging portion : — Simple tests. 

Generator and bell may be tested in series in eithey up or 
down position of the line switch, by disconnecting at (J) with 
a piece of doubled paper, and turning the handle, when the 
bell should ring. When the switch is down, LI and L2 must 
be joined, when it is up they should n^ot he joined. This tests 
the line switch also in both positions. 

The generator may be tested separately by short circuiting 
LI and L2 with the moistened tips of the fingers (switch 
down), when a current should be felt if the handle is turned. 

Speaking portion ; — 

Move handle of microphone switch, with line switch doum, 
clicks should he heard. This tests line switch, receiver, 
battery, and microphone switch. Battery can be tested with 
a detector by disconnecting at 0 and Z of rosette, or C and Z 
of telephone. .Receiver by disconnecting at H li and putting 
leads to 0 and Z. 

Microphone can be tested by blowing, wffien sounds should 
be heard in the receiver (microphone switch pressed, line 
switch dawn), 

Ring-oif button ; — 

Press ring-ofi button (switch down), and turn generator 
liandle. A current should be felt if either LI or L2 is joined 
to E by the moistened tips of the fingers. If the bell shunt be 
disconnected at (J) as before described the bell should ring 
when either LI or L2 is joined to E and the handle is turned. 


Telephone seis, Wall, 

16. Telephone set, Wail, is an instrumeot of Ericsson’s Telephone 
make which w^as bought in large quantities for use in South eefcs, Wall. 
Africa ; many are still available, and are to be issued in lieu of 
Telephone sets, Office, until the stock is used up. They include 
a special hand telephone, provided with a four-point plug, but 
without any switch, which is not suitable for service pattern 
instruments, although “ Telephone; hand A ” can be used with 
these sets. Some of them are equipped with a push bi^ton^ 
which, when pfessed, connects bo% lines to earth. Terminals 
are provided for a second receiver. These are in series, and v 

should be bridged with a piece of wire if not in use.. A 
cupboard is situated under the instrument which will take one / 
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Telephone set, 
Portable, A, 


sSo'rfc circuited and switch down, or with switch up at anj 
time. ■ ■ ■ ■ 

Spr^king portion : — 

Move handles of microphone switch, with line switch doiun ; 
clicks should be heard in the receivei*. This” tests line switch, 
receiver, battery, and microphone switch. Battery can be 
tested with a detector by disconnecting it at its tei’ininals, 
receiver by joining the two centre plugs to the battery ter- 
minals. 

Microphone can be tested by blowing, when sounds should 
be heard in receiver (microphone swjtch pressed, line switch 
down). 

Telephone sets^ Fortahle, 

22. This instrument was designed as a portable set for 
coast communication work; it is contained in a V 8^' x 
10" X 1' 1'' case, and weighs 40 lbs., so that its portability 
is somewhat questionable. Telephone, hand, A, is included in 
the set, and two Cells, electric, dry A are used with it, space 
for them being provided in the case, but must be demanded 
separately. The set includes a I^lug and double flexible cord 
6 feet long (Ping, jack, W.D., see Chap. XIY, para. 3) con- 
nected to the line terminals, which is carried on a small drum 
on the side of the case. The case is fitted with a shelf for 
writing a message. For diagram, see Fig. 4. 

23. The genemtor has three magnets, and the aimature is 
wound with *0052-inch wire to a resistance of 500 ohms. It is 
capable of ringing its own bell through a resistance of 12,000 
obins. The armature winding is short circuited through the 
.spindle of the driving wdieel when at rest; when the handle is 
turned, the spindle is free to revolve in the driving wheel until 
a Y-shaped cut in the pipe has caused it to move slightly to 
the right, and so to disconnect the shunt at its other end. 

24. The bell is of the usual pivoted armature type, and is 
wound with *0092-inch wire to a resistance of 50 ohms for 
each of the two bobbins. It is fitted with a small serrated 
lightning discharger, and a plug-hole for short circuiting plug. 

25. The induction coil is carried in a small box with a glass 
front. The primary is of '028-inch wire, wound to a resistance 
of '5 ohms ; the secondary is in two halves, wound with '007- 
inch wire to a re.sistance of 90 to 05 ohms in each half. 

26. The secondary speaking and ringing circuits are in 
series, and the line switch short circuits either as required. 

The generator is shunted when not in use. The microphone 
switch is in the handle of the lian^ telephone. 

27. Protection from lightning must be provided 4nde"^ Lightniug ,, 

pendently, ^ « 

! 28. Ringing portion : — 

The generator should ring its own bell with switch 
, The generator itself may be tested by taking desk and 
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short circuiting the two inside terminals in the top^leffc harfd 
corner of the box with the moistened fingers, * ^ 

Speaking portion ' ' ■ 

Move handle of microphone switch with line switch down; 
clicks should be heard. This tests line switch, receiver, battery, 
and microphone switch. Battery can be tested with a detector 
after taking desk ofi, receiver by joining a battery to the up|ier 
two terminals at the bottom of the front of the box. 

Micx'ophone can be tested by blowing, when sounds should 
be heard in the receiver (microphone switch pi’essed, line 
switch doicn). 

Telephone setSf Fordable^ Gy Mark I 

29. This is a partable instrument, designed by Messrs, 
Ericsson, and was bought in large quantities for use in South 
Africa. It is very handy and portable, but not suitable for , 
use in i^ain, nor are the parts easy of access for the lineman, ^ 
Its weight is about 18 lbs. The set includes hand telephone C, . 
Mk. I, and two P size dry cells are used with it, space for them 
being provided in the box. Por diagram, see Fig. 5. 

80. The generator has three magnets, and the armature is 
wound with '006-iuch wire to a resistance of 500 ohms. It is ’ 
short circuited when at rest, but, when the handle is turned, the 
shunt is broken by a centrifugal arrangement on the end of the 
armature spindle. 

31. The bell is of the pivoted armature type, and the two 
gongs have a diameter of inch. The coils are wound with 
•OOdO-inch xvire to a resistance of 200 ohms. 

32. The primary is of '018-inch wire, wound to a resistance 
of 1*6 ohms, the secondary of '0084-inch wire, to a resistance of 
70 ohms. 

33. The secondary vSpeaking, and ringing circuits are 
connected up in sexie.s. A switch in the handle of the hand 
telephone shunts the secondary speaking when at rest, and 
completes the microphone circuit when pressed* Care must be 
taken in joining up the hand telephone to connect terminal 1 
to tongue of switch, terminal 2 to microphone, terminal 3 to 
receiver direct, and terminal 4 to the receiver lead which 
is connected to the contact made by the switch when at rest. 
The generator is shunted -when at rest. 

34. A dischai'ger of the comb or serrated type is provided, 
but this would be insufficient in a locality subject to thunder- 
storms. A plug is supplied for earthing either line. 

3^* S'^nging portion , ; 

Short circuit LI and L2j and turn generatoJ'. Beil should ; . 
ring whether the switch is pressed or not. If the switch is ? 
pressed the current should be heard in the receiver* . 'The; , 

f enerator^oapnot be tested alone without removing the screwed 
,pwh cover., ^ 
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Speaking portion 

Sliori circuit Li and L2, and move switch. Clicks should 
be he^rd. in., the receiver This tests receiver, battery,, .and . 
switch. / The ends of the trro ceils are visible for testing tvith 
.detectoif. 

To /test microphone short circuit LI and L2, and press 
switch|.:. If the microphone is' blown into,, sounds should be 
.heard |ii the receiver.' ■ 


I Telejylione sety Portahle, C\ Mark IL 

35/V This instrument has been specially designed to obviate 
the dihleixities experienced with Mark I. The case has a lid at 
each ei^(j . one, fixed with a simple hook, gives access to the 
hand tt^iephone, generator handle, and is for the use of the 
operatojp. the other, fixed with screws, gives the lineman a 
conveni-oxit means of testing the internal arrangements The 
weight ;is about 20 lbs., and the box is faiidy waterproof whether 
open or gh^t^ Its dimensions are Ilf inches high by 10| inches 
deep by 5 |. inches wide. Hand telephone 0 Mark it forms part 
of the scjt^ and t%vo “ Cells, electric, dry ‘ P ’ ” are used with it. 
see Pig. 6. 

S7. generator has four magnets, and the aimiature is Generator, 

w’ound ‘0052-mcb -wire to a resistance of 700 ohms. It is 

capable or x*iagiug its own bell through a resistance of 12,000 
ohms, and provided with a cut-out which leaves the generator 
disconnecte,^ when at rest. When the handle is turned the 
spindle rev^j^^g freely inside the driving wheel until a pin on 
it engages Y-shaped slot in a washer fixed to the driving 
wheel ; the moves to the left, and causes the 


driving whfgl^ to rotate, at the same time completing the circuit 
^ spring contact at the other end. 
bell is of the pivoted armature type, and is wound 
wire to a resistance of 1,000 ohms. 

, primary is wound with •018-mch wire to a resistance 

^ ^ and the secondarv with •0084-mch -wire to a resist- 
anceof 7o 

^ ^ ^^^^enerator and the bell are each in bridge between the 

* g^^i^erator being disconnected when at rest. One 
end 01 the .^^ondary speaking circuit is to line 2, the other to 
the switch hand telephone, and is disconnected ^Yhen the 
s witch IS pressed. When this switch is pressed, it also puts 
, -dhe primal line 1 : the other end of the primary 

circuit IS Irmanently Joined to ]ine 1. The lead of the hand 
telephone ^i,rked M2 is not required for use with this 
Hl2 is therefore a dummy terminal. „ 

41. iwo dischargers are provided, a serrated plate 

protector, an ^ a Discharger lightning bobbin ” on each line. 
Two spap 

are also carried. The dischargers can be 

reached by th^perator. 
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42. Ringing portion : — 

When LI and L2 are disconnected, the generate;.^ 
ring its own hell on short cirenit. If LI and L2 are joi 
the tips of the moistened fingers, and the handle fi 
current should heffelt. 

Speaking portion : — 

Clicfks should be heard in the receiver when the 
moved, whether LI or L2 are joined or not. The batte 
he tested with a detector if the hack is opened. 

The microphone maj he tested hy blowing on it 
sounds should be heard ii» the receiver, switch being pre- 

: . ^ 
Telephone set^ Fm'iahle, I), Marh I. 

, 43. This is another instrument of Ericsson’s designJ 

on occasions when extreme lightness and portability are r| 
The heavy generator and bell are dispensed with, and 
given by means of a small vibrator, and received in the 
of the hand telephone. The action of the vibrator is d 
in Chap. XV. This method of calling is very usefull 
lines, which are apt to be leaky and of high resistancl 
receiver responds to a very small amount of current ; | 
high capacity, however, such as a cable, causes the fluJ 
of the volume of sound to be rapidly diminished, owiij 
high frequency. The weight of the set is 5 lbs. 1| 
Telephone, hand, D,” forms part of it. One spe|^ 
ceil is used with it, but does not form part of the* 
diagram, see Fig. 7.) 

44. The vibrator is of the ordinary type, thef 
electro-magnet being wound with *0068-inch wire to S 
of 2*33 ohms. It is actuated by the same battery alf 
the microphone circuit. Sparking at the contact is 
by a condenser of microfarads placed in shunt acroL, 
and break. The armature and its adjusting device 
fragile make. 

45. The primary is wound with •0175-inch wire ^ 

ance of 1*5 ohms, and the secondary with ’OOT-inj 
100 ohms. f 

46. The only parts of the instrument that are ' 

are the receiver and the secondary coil of the vibr; 
receiver is shunted hy means of one part of the dot 
in the top of the instrument, which is actuated | 
button. A condenser of microfarads is provid| 
which is brought into circuit- if terminal CL is u J 
'ofDL. , ^ f 

Thxi primary circuit is divided into two altern??^ 
by means of the other part of the switch already! 
the primary of the induction coil and the battery i 'i 
to both. The on© ipeludes, in addition the mi('^;< 
microphone , switch in' handle of the handt^. 



NE SET, P 










TELEPHONE 8ETS. [CJ 

edge of tlie transmitter case ; the other the vibrator 
shunting condenser, which are brought into circuit by I 
m the top of the instrument actuated hy a push piece. 

separately°*^'^*^°^ lightning, if required, must be p 

54. Vibrator;—* 

Press button, vibrator should buzz. If not, fault ma 

(1) Battery. 

(2) Armature out of adjustment. 

yibi'ator, primary, or leads. 

(4j fehort circuit in vibrator condenser. 

(5) Dirty switch, r 

S|)eaking : — r 

Connect the two line terminals, and move micr 
switch. Clicks should be heard in the receiver If no 
may be : — 

(1) Weak battery. 

(2) Dirty microphone switch. 

(3) Disconnection in primary, secondary, or leads. 
(4J I aulty microphone. 

To test microphone blow on it, with microphone 
pressed, and line terminals short circuited. Sounds sho 
heard in the receiver. 

A battery and detector between the line termim 
between the left line terminal and the left terminal mar] 
should give no deflection. 

Tele2:)]i07ie sets, TJionopore, 

55. This instrument is used on railway circuit, 

working on a telegraph line. It is type “ E. 
the I honopore Company, and patterns vary according ■ 
Company make slight improvements and alterations 
includes two phonopore receivers, and a special “ hoote; 
caliing, but no battery. Dor diagram see Fig. 9. 

56. In the eailier patterns the induction coil is us 
actuate the vibrator. In the later patterns a separate ^ 
provided. The vibrator is specified to give clear and a- 
signals when short-circuited by a resistance of SO ohms 
a lovi^ resistance battery of 5 cells. The spark is shunb 
a condenser. 

5/. The induction coil is of the ordinary type w 
secondary having a resistance of 150 ohms. 

58 The receivers are wouhd on the phonopore prii 
with^ two the inside of one being connected tc 

terminal, atd the outside of the other to the other ten 
In consequence the actual resisfance between the two tern 
IS several megohms, and the two con<iiictors act as a 
condenser. 
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It a^ears 


that the capacity of these two windings is so 
small thSt ordinary E.M.F.’s due to induction are insufficient 
to affect the diaphi'agnis, whereas speaking currents have 
sufficient E.M.F. to do so. The effect is that inductive dis- 
tiii’bances are to some extent eliminated. 

59. A receiver of the Coiiier-Marr tj^e is provided as Hooter, 
a loud call. This is a double-pole receivery in which only one 

coil is used. This coil, with its core, is altogether d-etached 
from the magnet, the latter being used to polarise the core. 

The coil is fixed in a central block of ebonite, and two soft iron 
diaphragms are clamped very close to the two ends of the core. 

The two magnet poles are fixed in qontact -with two adjusting 
screws brought very near to the outer faces of the diaphragms. 

The trumpet communicates wdth the diaphragms by small 
holes. 

60. Three positions must be considered : — 


(a) Receiver on hook and key at rest. 

(b) Receiver on hook and key depressed. 

(c) Receiver off hook and key at rest. 


Internal 
arrangements 
and switches. 


In addition to these there are in the earlier patterns a 
switch for placing the receivers in series (switch, left) or 
parallel (switch, right) as required. 

(a) L and are dii^ectly connected through the secondary 
coil. The hooter is joined to L, and is in this case connected 
to earth through the top part of the key switch (c), the bottom 
part of the hook switch (B), and a l-microfarad condenser. 

It is then in a position to receive a call. 

(b) Here the hooter is dis, the top part (C) of key switch 
being pressed, and putting earth through the condenser and 
the bottom part X)f hook switch (B) to instead of to hooter. 

The bottom part of hook switch (D), which is also pressed, 
completes the local vibrator circuit through the primary coil. 

This is the calling position. 

(e) When the receiver is off the hook the top part of hook 
switch (A) completes the local microphone circuit through the 
primary coil, and the bottom part (B) connects the receivers in 
shunt between L and still being to earth through the 

condenser. , This is the speaking position. . 

61. At a terminal station a “ Coil, compensating,” should External m 
be inserted in the line between the phonopore and the tele- connections, 
graph instrument, as an impedance coil. It wall be noticed at 

once that this is practically the same arrangement as is 
described in Chap. XY for the wibrator and separator. At an 
intermediate station the instrument is joined up in leak, L 
being joined to line, and left disconnected. In-teruaediai^ 
telegraph, insk*uments should be shunted by a carrier.” 

62. The carrier consists of a wooden reel on which are Currier, 
wound iuductively tw^o coils of '009-inch wire, each coil being 

of 241 ohms resistance. Bach coil is terminated on two small 
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brass plates on tbe opposite clieeks of the reel, one en 4 ^, of eacli 
coil is connected to a stout leading-in wire, wbicli are in tom 
connected to two terminals on the outside of tbe containing 
case. The capacity of the carrier is about *091 microfarad. ^ 

63. Tbe two liies, L and are brought to the two sides of 
a carbon plate protector. 

^4i,JJalUng . — With press button pressed, and hook switch 
up, a call should be heard in the receivers. To hear your own 
call in your own hooter it is necessary to actuate the bottom 
part (D) of press button switch only, hook switch up. 

Speaking . — Move hook switch up and down, clicks should 
be heard in receivers. To test microphone blow into it, with 
hook switch up — sounds should be#heard in the receivers. 
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brass plates on tbe opposite cbeeks of tbe reel, one eiw3. of eacli 
coil is connected to a stout leading-in wire, wbich. are in turn 
connected to two terminals on the outside of tlie containing 
case. The capacity of the carrier is about -091 microfarad. 

63. The two lines, L and are brought to the two sides of 
a carbon plate protector. 

64. ^Galling , — With press button pressed, and hook switch 
up, a call should be heard in the receivers. To hear your own 
call in your own hooter it is necessary to actuate the bottom 
part (D) of press button switch only, hook switch up. 

Speaking . — Move hook switch up and down, clicks should 
he heard, in receivers.’ To test microphone blow into it, with 
hook switch up — sounds should be^lieard in the receivers. 
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CHAPTEE XIII 


THE*' TELEPHONE EXCHANOE. 

1. Tiie requirement of a complete telephone system is that 
any office on the system can “ call up and converse with any 
other office on the system, with the minimum of trouble, and 
without disturbing any third office. Connecting up a number 
of telephones on one circuit does not generally meet the case,, 
as, apart from the fact that any office on the line can interrupt 
a conversation, the number of telephones that can be connected 
to one circuit is limited. A code of rings has to be arranged 
for the different offices, and it is difficult to distinguish between, 
say, five and six rings. It may be considered, therefore,, 
that more than four, or at most six, should not be Joined to one 
emciiit. 

2. There are two methods of arranging for intercommunica- 
tion between a number of offices. If a circuit is bi^ought from 
every office on the system to every other office with which it 
may require to ^ communicate, and axu'angements ai*e made by* 
which any of these circuits can be connected at will to the 
office, telephone, the requirements are met. This method^ 
however, entails the erection of a very large number of wires, 
and is only suitable for use when the offices are all close- 
togetlier (as in a block of offices) and when the number of 
offices is small. It has the advantage, however, that no- 
exchange attendant is requix^ed. This system is called the 

Intercommunication system,'^ and instruments containing 
suitable switches for connecting tlie telephone to the different, 
lines, are made by many manufacturers, but they are not used 
in the service and will not be further considered here. 

3. The method usually adopted in the service is by a 
telephone exchange which consist in bringing a circuit from 
each office to a central position, and connecting these circuits 
to a suitable switchboard. One or more exchange operators- 
are then required to make the necessary connections at the- 
switchboard. 

4. The following requmements must be provided for at the- 
sw’itchboard : — 

(i) Each station must be able to ‘‘call upland speak to* 

the exchange, independently of the other offices. 

(ii) The exchange must be able to ring up and speak to- 
^any station independently^ of the other offices. 

(iii) It must be possible «to connect the lin^ from any 

station to that from any other station, and this con- 
nection must be independent of all other connections^ 
and circuits. 
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(iv) ^lie offices must He able to indicate to the exchange 
' when a conversation is finished, and the connection 
between the offices no longer required. 

. (v) The exchange must be so arranged thai' the above can 
, be carried oat with the minimum expenditure of 
trouble, and therefore time, on the part of all con- 
' ceriied. ' 

(vi) The switchboard itself must be as simple as possible, 
and not liable to get out of order. 


In addition to the above arrangements should be made for 
rapidly testing the circuits ; these arrangements ma}' be 
included as a part of the s^vitchboard, but usually a testboard 
is provided separately (see Chap. XVIII). 

Unfortunately requirements (v) and (vi) abo^e are not 
easily combined, and the simpler the operating tlie more 
complicated the switchboard. 

In large exchanges (v) is more important than (vi), as in 
such cases skilled linemen are available for maintenance ; on 
the other liand (vi) is of great importance in the field and for 
portable exchanges, w^hiie (v) is not so important owung to 
the small nurnbeu' of offices usually connected to such an 
exchange. 

5. Where, owing to the large number of subscribers to an Junction 
exchange system, or owing to the position of theii* offices, it hues, 

is necessary to connect them, some to one exchange and some 
to another, circuits must be provided between tbe exchanges 
to enable the offices on one exchange to communicate with 
those on the other exchanges. Such circuits are called 
junction ” circuits. The multiplication of exchanges is to 
be avoided where possible, but is sometimes inevitable owing 
to the expenses involved in connecting all the offices to one 
place. Exchanges can be made for 10,000 subscribers, but 
such large switchboards are never required for military 
•■purposes.:' ■ 

6. Where connections are required between two telephone Trunk lines, 
systems the lines between the exchanges are called ‘‘trank” 

lines, the difference between trunk and junction circuits being 
chiefly one of length. In England all the trunk lines are 
owned and worked by the Post Office. 

7. Thei*e are very many different patterns of switchboards Tafcfcerns of 
in use, and it is beyond the scope of this book to attempt to ®^‘iteh- 
describe them all. The methods of calling up, <&c., will first 

be described generally, and them the details of some switch- 
boards that are likely to be met with ; if these are understood 
it should not be found difficult to understand the conigirnctibn 
and method of operating other patterns. 

8. Visual calls are ahvajs adopted in exchange woi’king, Methods of 
though an audible call is usually arranged so that it can be calling, 
used as well, if required, f.e., during hours when the exchange 




TELEPHONE EXCHANGE. 



siifewl 


[chap, xiil 


is not Hnsy enongh to necessitate an operator being constantly 
on tlie look oat for calls. This audible signal usually takes the 
form of a battery ringing bell, the visual indicators acting as- 
relays and closing a local circuit. Only one such bell is, as 
a rule, provided for the exchange, this bell therefore only 
indicates that office has called and does not show which. 

In large exchanges a “ pilot ” signal is also provided for each 
section of the board, this signal operating as long as any call 
or clearing signal on that section has not been attended to. 

Drop shatter 9. The indicator adopted in most service exchanges at the 
line indicator, present date (1907) is illustrated in Pig. 1. It consists of an 
electro-magnet with a pivoted armature, A, to which is attached 
a light lever, D, the weight of which holds the armature away 
from the core of the magnet. The lever terminates in a detent, 
which holds up a dap, S. When a current passes through 
the coil the armature is attracted, and the lever attached to it 
lifted. The flap, S, then falls forward by its own weight and 
reveals the number of the calling office, which is painted on 


Pig, 1 . — Drop Shatter-line Indicator. 

the indicator behind the flap. When the flap falls it presses 
the light spring, B, against the contact screw, C, this contact 
completes tiie circuit of the bell. As all the springs, B, and all 
the screws, C, are connected together, any indicator falling will 
ring the bell until it is replaced. The shutter is replaced by 
hand. One indicator is provided for each line connected to the 
exchange, and the coil of the electro-magnet is normally con- 
nected to its line so that when the office rings up either by 
a generator or by a battery the shutter drops and gives the 
necessary signal to the exchange operator. 

Switchboard Telephone Exchange^ V2^~line^ Field, 

-10. The^Mark I field switchboard is arranged for circuits 
working with an earth return, and cannot be used with metaliie 
circuits. This simplifies the* board, and is sufficient for all 
ordinary field requirements, as there is seldom time available 
to run metallic circuits. The construction of the switchboard 
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FiGr. 2, — Svitebboardj Telephone Exchange, 12-line Field, Mark I. 

11. The method of operating is as follows : — When a Method of 
station rings up the current passes through the line indicator *»pe 2 ‘a-ting. 
coils to earth, causing the shutter to drop. The operator then 
removes the corresponding peg from the lowest hole, and 
places it in the hole immediately above. This connects the 
line to the operators instrument, and he then speaks to the 
office calling and ascertains which station is wanted. He then 
places the pegs of the two offices in holes in the same hori- 
zontal row (any of the four top rows will do provided it is not 
already in use). The two stations are then directly connected, 
and can call up and speak independently of the other lines, and 
the two line indicatoi’s are disconnected. 

Each of the four top horizontal bars is connected to earth 
through a ring-off ” indicator* Xhese ring-off indicators are 
similar to the line indicators, only of higher resistance apd 
greater seli-induction. This self-induction (as e%>teined in 
Chap. I, para. 61) prevents the speaking currents from leaking 
to earth, but a battery current, or one of low frequency such as 
is furnished by the generator of a telephone set, will pass 
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is shown in Fig. 2. The lines are attached to the terminals*' at 
the top%f the board. Bach terminal is connected to one of 
12 vertical brass bars. Behind these bars are five horizontal 
brass bars, and by means of pegs any horizontal bar can be 
electrically connected to any vertical bar, in much the same 
way ' as’ in the ^‘Commutator, telegraph^^^ (Chap. XVIII, 
para. 4). . The four upper horizontal bars are for switching 
purposes, and the fifth is connected to a telephone set (T) for the 
iterator's use. Each terminal is also connected through a line 
indicator, similar to that described in para. 9,' to a short 
vertical bar below’ the one already mentioned, and behind these 
short vertical bars is another long horizontal bar connected to 
earth. The pegs are normally in thb bottom holes, thus con- 
necting each line through its indicator to earth. 
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■ /«!» ■ ■ , ■ ■ ■ ■ 
fcbroiigli it and drop tbe sii utter. The object- of this indicato'r 
is to enable the office to inform the exchange when the conver- 
sation is finished. The usual procedure is for the exchange 
operator to inform the station originating the call that the 
line required is disengaged before putting him through ; the 
calling station thin rings up the other station. It wdll be 
noticed that when a station is ringing in this manner the ring 
offi indicator will drop, and to avoid this being taken as the 
signal to disconnect, it is usual to arrange that the clearing 
signal is given by four distinct rings; these rings can be 
distinguished from a steady ring by the operator, and he 
disconnects the lines and :geplaces the pegs in the bottom row of 
holes. 


Tig. 3.—^^ pyramid’* Typo Smtchboard for Earthed Oireiiits, 


If the exchange operator wi^shes to call an office, he removes 
the peg corresponding to that office from the bottom hole to the 
next on| above, and rings up with his own instrument. 

The indicators are provided with contacts to complete a local 
bell circuit when the shutters drop. 

It should be noticed that if the resistance of the exchange 
earth is high, a portion of a current from a station ringing up 
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Hiaj |iah;s along one of the other lines to its.-earth, thus drop fSiig 
aiie or more indicators and ringing np - one or more other ohices. 

It is Veiy important for single line exchianges that the 
earth at the exchange should be as good as possible. 

This pattern switchboard must always be used in a vertical 
position.^ S'' 

The details of the indicator are given in para. 21. 

■12> The Mark II field .switchboard was introduced in 1906, Maik;ll. 
and is similar in construction to the Mai’k I. It, is rather more 
compact, and the indicators are constructed to work iu any 
position. A “ Discharger, lightning, bobbin ” has been adde*d ■ . ■ ■ 
for each line, and a local bell is included .in the board, together 
wd til a plug for disconnecting it when not required. A separate ■ 
telephone is required for the^ operator and a local battery for the 
bell, as in the Mark I. 


TCUSPHOKt. 
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Fju. 4, — “ Pyraiukr’ Switchboard for Metallic Circuits. 

It is probable that a new pattern will shortly be introduced, 
in which flexible cords wdil be used fpr making the connections. 

This method of construction enables the weight to be coik’ 
siderably reduced, though slightly at the expense ofn strength 
and simplicity. ’» 

18. A simple form of switchboard suitable for small Tyramid 
exchanges, of not more than 12 or 15 lines, is shown in Fig. 3. 

hoard. 


(1258) 
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Tffi lines are connected lo the terminals fl') ( 2 ) 

winch are connected to the left contacts l’ O -ii’ .,^^2 

to the other contacts as shown. The rio-ht contacts l'’o - 

toots''? Hne indicators to earth.' " Tim ;;u: 

tacts 1, D,_ III, &c., are connected to the torminsl for +1 „ 
operators mstrument, which instrument maybe seVainte^or 
fom part of the switchboard. The two contsn+r ' 

The methoro?'"'^ “■ aWanScuLT 

itie method of operating 1 .S a.s follows:— 

eontactri current flow.s thromdi 

Sn rre?«™i,L '*■ 

in the hole 1, k This Ln^ects Ihreri 
3 remains, thns leaving the line indicator of \ino 3 ikieah t^ 
earth and ready to act as a ring-off indicator Tbk + ^ 
»*.bo„d »„ made foV mewiie d^it, „ "I 

‘yp™ of oonlMlsli^etrS^tolrf^^TS”!’!™ 

or key. Tlie disadvantage of this type of hoarrl ‘L +1 ^ ® 

ns iT’if 

unwieldy. “wi cases, and it soon becomc.s 

Larger Smte-hboards. 

tor o?7h IS,” S re”pT“ S; Sh'S («» 

i.ok f«. ci^ib, i isLis s Fid f 


Jacks and 
cords. 


LmE INDICATOR 


l-JNE.A 


for Metallic Circuit. 


snrin”?\ nietalhc circuit are permanently 
spunks A and B md the line indicators to 
r' ^ IS in contact with ], and B 

“"““^cted across the lines. 

tbe ping. I) and E are insulated from each 
•manently connected to the two conductors of 


TELEPHOIs’E EXCHAKC4E. 


170 


CHAP. XIII.] 

* the eorr].* When a plug is inserted in a jack, 
•indierij(3rs are entirelT disconnected, and the lines arc joined to 
the cords. If there is a similar plug at the other end of the 
cord, aiiv two lines can be connected together. 

cr 



15. In practice, the cords, each with one ping only, are Operatin 
arranged in pairs, and connected to keys hy means of which keys, 
they can Ijc Joined in one of the following ^vays : — - 

(Ij Connected tliroiigh, with ring off ari-aDgemcnt in leak 
(for speaking through). 

(2) Coimiected through, wdth exchange (Operator’s instru- 
ment ill leak (for speaking to the exchange). 

(f>) Co 11 riected to the s\vitaM)oard generator (to enable the 
exchange to ring up an on tside oliice). 

The arrangements of these keys vary in different sivitch- 
boards. 

The cords in most cases pass through the board, and are 
kept taut, but free for use, by means of small weighted pulleys, 
rnimhig one on each cord. 

16, There ai’c two main methods of arranging the clearing Clearing 
signals on metallic circuit swdtchboarcls. In the first method signals, 
the station both calls tlie exchange, and rings off, by sending 

a current along one line of the circuit and back by the other, 
the eonnecrions -when one station is through to another beiinr 
sliown in Fig. 7. When the circuit is in this condition it will 



be seen that if either station rings, it wnll not only ring the bell 
at the other station but wall also drop the ring-c^* ^idicatT>r. 
This means in practice that tl^e exchange operatSr calls the 
stations required, and clears as soon as either station rings. 
This arrangement is not very suitable for military work, where 
(1258)' M 2 
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Kng-tlirougl 

system. 


it is considered advisable to enable stations, when’ once coii- 
nec ed. to nng each other independently of the 

I A In the other method, which is adopted in all militarv 
metiilho circuit exchanges, the exchange and the far station are 
both called as above described, but the clearino- mViml s sent 
along one hue (oi*both lines in parallel) retenin- bV earth 

the stst- famished either by the generator of 
two i. or by a battery at tht exchange. The 

•1 >. ‘f. oonneeted at the switchboard by “brido-ino’ 
coi s_. whxch are wound so as to have a high resistance "and 

centre^SV « not to interfere with the speaking; the 
ccntie point of these coils is connected throno'h the rino-.off 
to ..rtl,. Fig. % oho*, th. o„.„ct?o™ *hc"“t™ 


©RIDGIMHB g 

«>“-*■ I Racon.. " 


Fio. 8 . 

offices are connected at the swdtebboard; P shows the connec- 

the 7>^en It 18 ringing the other station ; and Q 

n ^ «“ging off. The necessary 

^tciatious in the connections at the stations are made by 

v”’ ""g-off-” described in 

paia. i-t will he seen that when P rinejs, a portion of the 
current will flow through the bridging coils and a portion 
through the instrument at the far end, imt that none will flow 
thiough the rmg.^_ indicator; a cnri-eut from Q will flow 
through the ring-off indicator, but not throngli the instrument 

wLb! arrangement bv which, 

t\hen tno .staiiocs are connected at the exchange, either 

independently of the exchange, or 
ling the exchange without affecting the other station. 

a hnHwl /Tn foi' ring-off signal sent from 

^ exchange, this method has the advantages 


3 — i 
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miEvnom ixcha ^^ ge . 


¥%.. 10 shows the coiineetions w/hen- one’ line is card] 
t flit ifetion sejnling the elearing signal. 


18. Tliere is now no sealed pattern of telephone switch- Switcli- 

boarcl in the service for orarrison reqairements, hut a consider- 

- telepliont^ 

Jv ■ ' eschaDgej 

metallic 

\ \ An / 1 eireuitj 

• \ r\Y irurkiL 






Fia. 11. — Switcliboard, Telephone Exchange, Metallic Clmiit. 
254ine, Mark 11. 
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Pie. 12— Connections of Jack Switeli. 

^^cpnected from one line only when the pins 
and left permpenf ly connected to the other. 1' 
nient does not in all cases give snch good speakine 
stinction with four contacts, and no more switch 
tins pattern^ck will he issued. The actual con 
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able number of “Switchboards, telephone eschamm met-ilhV 
Sn wf ’ 25.1ine are in use, and the Mark ilhattern 

and Vn- a convenient one to de.scribe in detail. The 25- 

tho ‘^1 An iIln.stration of 

w<5ard. i| given m Fig. 11. 

stand ^ arranged in the form of a,, cabinet, to 

^ P^^el of the front carries the 

hne mdteators, arranged in five liori.ontal rows. Belowb s 

Xid arranged in five rows so 

placed that the lack of any line occnpies thS same posit on’ on 

Sp ^-1-tor' of the same line o "tlm 

rortho ni'oF® 1°^ thes<3.hve rows of Jacks is a sixth similar 
onry%t:^St?p3jL^ tl^ese iaek.s are 

hoJ/‘°,L^^- ^ hori^^ontal shelf projecting from the 

L froni it S,e r.*" an operator .seated 

wheirnot n «holf,and the* plugs, 

which the c^nX’ vertically above the holes thbugh 

lin en the eord.s pas.s. There are ten pairs of cords in the 
bOdine board and five pairs in tbp 9^ l^L i 1 

^HlmThe?^ ShiSTaoh'^"^' T 

eacn pan is the cori-espondmg speaking or “Dewar” kev 

C7a..‘; rhzr',;; t ‘,t “'.I™ 

t’tlmf comitervveight’ 

operatoi ^ convenient position for the nse of ^tho 

in pJbX'^hftel f indicators are as shown 

the jaclv has three eoniiechons oidj, the indicator 
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tte jack aiic! cord is shown in Fig. 13 ; there are actually five 
spruigHj^biit they are so connected that electrically there are 

■■cjiilj •■three. ■ 



FiO. 13.“-*Coristrnefcion of Plug and Jack of Switcliboards, Telephone 
Exchange, MetalHe Circuit, Mark II. 


19. The connections of a portion of the hoard are shown in Connections 
Fig. 14. The normal connections of the line and its indicator 
are as shown for line 1. The lines, after passing through a 
suitable test-board fitted with lightning dischargers, c%c., are 
connected to the jack springs, and so to the line indicator. If 
No. I office calls, No. 1 indicator drops. The operator then 
inserts a ping (any plug not already in use -will do), and pulls 
the corresponding TJewar key towards him. The connections 
are then as follows (as shown for No. 12 line). The A line of 
No. 12 circuit through cord, Dewar key, ringing key, to second- 
ary of induction coil, receiver, Dewar key, cord, and to line B. 

Tliere is no other circuit, as the second cord of the pair is not 
in use, and is disconnected. The operator can now speak to 
No. 12, and ascertain what connection lie requires. Suppose 
he wants No. 23, the operator then inserts the second plug of 
the pair in No. 23 jack, and replaces the Dewar key. The 
lines are now connected together, with the bridging coils con- 
nected across in leak, and the connections are as shown in 
Fig. S, as fill* as the exchange is concerned. Stations 12 and 
23 are now connected together, and can ring each other and 
speak, without interfering with the exchange or being intei’- 
fered -with. When the convers|itioii is finished, the stations 
ring oif as described in para. 17, and tbe ring-off shutter falls; 
the operator then withdraws the plugs, and the connectio^fc.s 
are thus returned to their original condition. The flutters of 
the indicators should always be replaced by band as soon as 
the connections or disconnections are made. If the operator 
pulls over the Dewar ke^r when the plugs are both inserted, he can 
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stations coiineeted to the plugs, as ]ii.s teleohonr 

.certain It the stations are properiy “throm^b ” 

one’ of the Dewar key 

P^’e^sed and the 
3 tC n ^ ^ 7“^“?, ?«trent is sent out to the 
ne plug, and if the other ringing’ key i.s 


MO t iJACH 


MQ»e Jack 


'UUG 6 


KLYS 


i^oucnaiH 


Transfer 

jacks. 
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3 ai*lvS are required when several boards are used in 
oiiti exi^inge rofuti, and the cords are not long enough to reach 
acjoss to the otlic!’ board with which a connection may l>e 
required ; in this case ISTo. 1 transfer jack on one boai^d is 
coiincctefl to Xo. 1 transfer jack on the other, and similarly 
wdtii as tiiany of the other jacks as may required. The 
connections between stations connected to different boards are 
then made by a paiJ* of cords on each board, the second plug of 
e icli pair being inserted in a transfer jack, the operators on 
t lie two hoards communicating verbally as to the station required 
and which transfer jack is to be used. This method of trans- 
ferring connections from one board to another is not suitable 
tvlien much work of this description nas to be dealt with, as it 
leads to too ninch talking on* the part of the operators. If the 
number of connections to the exchange is too lai^ge for three 
(operators sections to deal wdth, multiple working should be 
■resoite^d to, see p^ara. 37.' 

21, The line indicators are as shown in Fig. 1, and are wound to a 
resi stall CO of 100 ohms with single silk-covered wire, 38 S.W.Gi-. The ends 
are st rengtheiK'd hv using a length of 27 S.W.Gl. wire. The shutter 
should drop when a current of 20 niilliamperes is passed through the 
coils. The bridging coils are w'ound in two x>arts, each to a resistance of 
5rX> ohms, making a total of l,rX)0 olii'us, they are sheathed in an iron 
coTcr to increase the self-induction and to prevent overhearing. The 
ring-off drops are illustrated in Fig. 15, and are generally similar to 
the line indicators, only wound with single silk-covered copx>er wire to 
a resistance of 1 ,<jOO ohms, and covered with a jacket of soft iron to 


FiU. 15. — King-off Indicator. 

increase the self-induction. The shutters should drop with a current of 
7 milliamperes through the coils. The cords are 52 inches long. The 
])rimary and secondary coils of the induction coil are wound of single silk- 
covered wire, 31 S.W.G. and 38 S.W.G. respectively. The former to a 
resistunt'c of 3 ohms and the latter to a resistance of 250 ohms. The coil 
ends are strengthened by a length of similar wire, 22 S.W.Ol. The core 
consists of a s}dit iron tube. The generator armature is w’ound with single 
silk-covered copper wire, 39 S.W.G-., to a resistance of SCXlohms, and should 
ring a 130 ohms resistance bell (Bells, dectric magneto, Q”) through an 
external resistance of 12,000 ohms. 


Apparatus fitted by the Post-Office at Home Stations. 

22. The switchboards fitted at home stations by the Post Switch- 

Office are very similar to those just described. The chief hoards, P.O, 

% pattern. 




' Telephone exchange. 

points of difference are as follows. TI 
type with four springs, thus the line ini 
dhsoonnected from the lines %vhen a pln<^ i< 
and nng-off indicators are of the sanTe j 


to 

WMtUAH 

owncHin 


ORtOOtMQ 


TOSimilaR «,w 

16.-Cord OonneotiCns of P.O. Pattern Boards. 

:4* . 

■a resistance of lOOQ ohms. Three pos 
instead of the two position Dewar k 
sjs are omitted. In the central or norm 
i t^ connections are the same as wit 
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tlie lines are tlirongli ’’ with tbe bridging coils 
joined acrbsB in leak. AYlien tlie key is pushed forward the 
lines connected to one of the pings are disconnected from tlie 
bridging (foils and the other line and are connected direct to 
the geiieri|tor ; it is only possible to idng with those plugs which 
are coloured red (to distinguish them from ' the other plugs, 

•wliicii are coloured Hack). When the key is pulled back the 
lines are connected through with the operator’s telephone 
connected across the lines as well as the bridging coils, the 
operator can thus speak to either station when the key is in this 
position ; placing the key in this position also closes the 
microphone circuit of the exchange telephone. A diagram of 
the connections is given in F^g. 16 . 

23. The Olllee iiomenelatnro of the parts used in a switchboard of P.O. nomen- 
this pattern and thr; number of each part used in a 50/50 switcli section are clature of 


gi below 


parts. 


Bell, trembler, 3'term.inal, circular 
Connector, switch, telephone 
Coils, bridging, l,(XXi-Dhni 
Coil, induction, 150/1 .• 

Cords, red, No. 209 
„ white, No. 209 
Generator, Bracket, Bderminal 

Iiidicators, N.P., ‘‘ C,” 10;12 (oOOtu + 500a*) ,4 .. . 

Keys, ringing and speaking, Union pattern, 3 -T 30 sition, 14-pt, 

Pegs, circular, red . . . , . . * . . . . , . 10 

„ „ black . . . . . . « . . . 4 . 10 

Pulleys for cords, thin . . * . * . . . « * . . 20 

Strips, cross-connection, 5/4 .. *. .• •* 6 

„ cord-connection, 20 'plato, 121 -mch .. ** .. 1 

Sus|Xinder for inlcrotelephoiie , * • • • * * « . . 1 

Switch ^springs, 5 -pt., 10/10 ,• 4 . •• .4 5 

Switch tuinbier, S-ainp., bronzed,, .. .. ,* 1 

Auxiliary apparatus' — ■ 

Microteleplione, with liook * , r . . . . • . . 2 

Pegs, circular, double . . , . . , . . , . . , 2 


Batteries, 2 -cell, (?-bloek, agglom. 

Battery, Leeianche, 2 -eell, No. 1 , Gz. .* ,, ,, .. 1 


Batteries, Leelancht% G, 2 -eeI],’^ are the same as the above men- 
tioned ^‘Batteries, 2-cell, O-block, agglom.*’ and ‘‘Telephones, hand, A,” 
can be u.sed instead of “ Microteleplione with liook,’* 

24, The Post Office apparatus fitted in offices connected to the above P*0. appara- 


switchboards is as follows 


tus at tele- 

Telephone, F.O., for granular transmitter “ C 
Transmitter, Beckert •» .. ** 

Bell, magneto, 1,000'ohm . . 

Generator, Bracket, 3-termmal .. ,, *. 

Strip lugs with screws . . . . ^ 

Press-button “ I) . . . * . , f * * • ■ 

Beceiver, bell, ‘‘ A ” 

Battery, 2 -ceil, 6 -block, agglom. . , 

1 

1 

1 

..2 

.. ..1 

.44 ,44 1 

■, 4 4 ■ 4 ■ ^ 1 ■ 

phone offices. 

or 

Telephone table with generator .. •• 

Press-button “ I) . . . . . ^ ' 

Battery, 2 -ceIl, 6 -block, agglom. . 

4.1 

1 

1 
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®ie eqiaivaleD.fc service pattern iastruiuents are :- 

Teieplione sets, offlee, Mark It 

;^oy3, ring-off, telephone escbange i 

Jjattery, Leolanclie, “ G,” 2.cell . . 

Telephone sets, office, Mark lit 

Hattery, leelaneEe, “ G,” 2-ceU . . " 

1 • “i*' ®"^itcliboards recently igsu 
'>mea indicators and lacks. Tills 
advantage tJiat the Jack is close to tnsu 
Its ovvn line indicator, thus making'it e 
select the correct jack when 
larther advantage that thd actic 
made to restore the indicator r 
work of the operator when woi 
several types of these indicator 
In the “ indicator jack ' 

IS given hy a metal tube being' ( 
releksed by the attraction of the 
eoils. This tube then 
peg IS inserted, and is i 
■when the latter is inserted. The 
serves to Close a local circuit for the nig 
to put the eng'aged test on the line for 
boards made by Ericssen, and .dtted 
the ring-cff indicators are of the 
and the shutters are replaced by 1 
when the ping drops back into i 
pas.sing through a hole in one end ( 

In the “Switch-spring” a 
made by the British Insulated and 
used by the Post Office on their 
boards, the signal is given bv fi, noi 


Indicators 
combined 
with jacks, 


with com- 
1 lias the 
.telj under) 
operator to 
Jring a call. It lias the 
inserting the plug can be 
nioally, thus reducing the 
^ the exchange. Tliere are 
jacks made. 

made bj Ericssen, the signal 
shot out bj a spring w hem 
^ 3 armature of the indicator 

projeCiS round the hole in which the 
pushed back by the shoulder of the plug 
movement of the tube also 
'^^ght bell, and if required, 
-jr multiple working. In 
with these indicator jacks, 
ordinary drop-sli utter * type, 
sing knocked up by a lever 
's normal position, the cord 


Ericssen’s 

indicator 

jack. 


Switch- 
spring ” 
indicator 
jack. 
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iS* ciriini of noB-niagnetic material is piroloil oirif.s 
a3ciH ill front of the core of the indicator coil, and •wcn'glitcd so 
that it will rest in either of two positions, shown at A and B 
of Fig. 18 . A portion of the drnni is visible througli a window 
in the front of the board, immediately above the jack. When 
tlie driii'p. is in its normal position, a porti<;^ of the drum is 
visible, which is coloured black. A' piece of iron is let into the 
drum at one side,, and when a current passes through the coil, 



Fi 0 . 18. — Drum tTacIc and Plug. 


this ii'on is drawn round into the magnetic field, the drum 
rotating till a portion coloured white is visible, this gives the 
signal to the operator. When the drum is in this position it 
makes contact with the spring *'^and completes the circuit 
for the local bell. When a plug is inserted in the jack this 
spring is lifted by the plug and in its turn knocks u;^^tfee drum 
till it is past the neutral position,^ when it fails into its normal 
position, is thus replaced, and the local circuit again broken. 
The ring-off indicators fitted on th^se boards are of a. siruilar 
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Jffthe :iiSg ‘“j 

■■r" ." 

^^Ghctngs jAccsssoi^ies, 

Rra„ off iejs. rmg-og keys has been explained in para. 17 

A ung-oft ke^ forms part of “Telephone sete, o&Jo, 


iNNEq ^ 

spf^iNCi. 
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OUTER > 
SRRtwia. ' 


[outer . 
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Fia* .19.— Key, Bing-off, Mark I. 


IMNER 

SPRING. 


outer 

SPRING. 



iNHER 

SPRIWG. 


OUTER 

SPRING, 


Fia. 20.— Key, Bing-off, Ilfark II. 


Mark III/’ bat if other service pattern telpnliAnr^c ^ , 

^in exchange a separate key is required. The seS'S/ern 
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30. Eepeating coils, ‘translators/' or “transformers” are Translators, 
specially wooiid induction coils constructed with a closed 
magnetic circuit, and having the two coils of the same resist- 
ance. The core is generally made of a bundle of soft iron wires, 
the wires being bent round the outside of the coils, as shown in 
Fig. '23. There is no Service pattern of this instrument.’^ It is 
used in connection with exchanges when it is necessary to connect 
a single line circuit to a metallic line board. In tin's case it 
is not advisable simply to put ohe pf the line terminals of the 
board to earth, as t-his is liable to cause overhearing and ring-^E 
troubles. The connections of a translator used for purpose 


* Since the above was written it has been decided to introduce a pattern, 
gm Chap. XVI, para. 8. 


Fie. Connections of Ring-off Key. (Battery Ring-off.) 
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fe known .>as “Keys, ring-off, telephone- .exchange,” wid 
Marks I and JI are illustrated in Figs. 19 and 20 ; they arc 
electricady similar, and the method of connecting them is 
shown in Figs. 21 and 22, ■ for magneto, and battery ring-off 
^espcotiTel3^ 


*^,O.KEY 


A-t-lHE 


B.t 


Fig. 2L — Conuect ions of Ring-off Key. (Magneto Ring-off.) 
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pe^hown m Fig. 24 ; the terminal marked 0 is Bot reonirod 
m this case. The translator should be fixed between 4he tesi- 
board and the switchboard, and should be protected from light- 
If ^ remt is araiiablo for a portion of the fine 

the tianslaoor should be fi.xed at the end of the metallic portion’ 
and should be prj^tected from lightning if connected to aerial 


Fig. 23 , — A Translator. 


ICHsySAHjJ. 


Fig. 24.— Connections of Translator. 

wires ; it should be noticed that the 
connects the line as far r- 
and consequently portions of a 
cannot be tested with i \ 
be seen that the station 
ring oif. 

p. Other uses of the translator are given in 
Chap. XVI, paras. 4 and -5. 

exchanges it-, is advisable for the 
to have both hands free for manipulating the plno-s 
and thi^.is not the ease if a hand telephone i us 
To meet these cases head receirers and 1 
transmitters are used on large switchboards ; there is 
pattern for this purpose, but they have been issuei 


translator com 
as continuous curi'ents are 
circuit containing a 
a battery and galvanometer. : 
•iwU on the earthed circuit is 



Fia. 25. — ^Pilofc Indicators (Brimx Jack Board). 

has not been attended to. Wheije pilot indicators are provided, 
these indicators either act as relays to close the night bell 
circuit or are joined up in parallel with the night b^il. Fig. 2*> 
shows how this can be arranged, and shows the arrangement 
adopted on boards made bj the iBritish Insulated and Helsbj 
Cables, Limited, fitting with their “drum jacks,” Similar 
indicators are sometimes fitted in the generator circuit of each 
: , (1258) / . H 


W»€Ht aEl-UfewnTitH 
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leases, and will in future be issued with the larger boards. The 
cords i^pm the receiver and microphone are usuallj coiinecced 
to a four-wav plug, so that they can readily be disconnected 
w'lien not i-equired, and a hand telephone substituted for use at 
night, or during slack hours, 

32. in the newer exchanges, “ pilot signals ” have been Pilot signals, 
provided. These are indicators which are connected instead of 
the local one for each operator's position, and wdiieh 

restore themselves when a current ceases to fiow through their 
coils. They therefore indicate as long as any line or ring-oif 
signal on the portion of the board to which they are connected 




oNft mWGPtroft. . 
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bo8,!^j to indics^tG & rin^iri^ cnrrGiit is tictufillv^bBini^* sorit 
along the line when the ringing key is depressed. Pig. 2.^ which 
is a diagram of the cord circuits of one of the “drnni Jack” 
exchanges, shows the connections. 


RtNGlMapnoW JMpiCATOR 


SPtAH* 


HAMD 

NlEKEPlATlD 

r'Sfcw.Tcw. 


I HitY, 


Wjs.M.O 


COMMON ftlWatMG 
BACV^ WtV. 


OPERATORfi 

thuepkome sax. 


mano 


: («) Battepr and plvaiiometer in loop. (1) Earthed battery and galrano- 

; metw to tip ^ of plug and short spring of jack, ring 'wire iiisulafced. 

{c-j Jtarwied battery and galyanonieter to ring of plug and long yprino* 
. of ,]ack, tip wire insulated. fib 

Eig. 27.— “Test Jack and Plug. 

’ or very busy exchanges, especially where the 

. , S» ”• operator rings the station that is being called up, it is advisable 
^ fp haTe a power-driyen generator for ringing purpioses. These 
generator I are connected to the generator terminals of the 
; , toards. Where they are provided they should he in addition 

to, and not in substitution for, the hand- driven generators. 
A suitable switch should be provided for connecting the hand 
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or power'^driven generator as required. The power-«fI'imi 
Veiicr^or should only be used during the busy hours. The 
power IS best famished from the electric light circuit, if such 
bo available, and in putting forward demands fox’ the motors for 
this purpose it is necessary to state the Toltage of the lighting 
ciiuait^pand whether direct or alteimating current ; if the latter, 
the frecpiency of the circuit must be given, or it will not be 
possible to ensure a suitable motor being sent. There is no 
service pattern motor or generator for this purpose. * 

o4. In some switchboards a galvanometer is provided con- Testing jaclks 
nected to a jack, plug and cord, and key, so that it can. he used plugs, 
for testing the lines or the cords. Fig. 27 shows the ax’raiige- 
meat adopted in the drum-jack ” exchange mentioned jibove. 

It will be seen that by ii^ertiiig a plug in the test jack and 
piessing one of the test keys, the cord can be tested for 
continuity and insulation, and similarly by inserting the test 
ping in a line jack, the line can be tested in the same way. 


JuncUon Working. 

35. Jimctioii circuits are circuits connecting twm different 
exchanges, for use when a station connected to one exchange 
wislies to speak to a station on another exchange. Tlie 
simplest, but not always the best, method of connecting the 
junction wires is to connect them at the two switchboards in 
the same way as ordinary circuits. If a station on N 
exchange wants a station on ‘‘ M'’ exchange he rings up in 
the ordinary way and asks for “ M ” exchange, and is put 
through as in any other case; he then rings “M’' and asks 




for the station he requires, and is again put through by the 
operator at “ M ; he can now ring the station he wants. 
The cixeuits are now as shown in Fig. 28, and it will he seen 
that the ring-off indicators at both exchanges are connected 
across the lines, and will both indicate if either station rings 
off. It will be seen that if a battery is used for ringing off at 
one exchange and a magneto ring-off at the other a current 
will flow through the ring-off indicators at both escqjianges'^s 
long as they are connected, whether a station is ringing off or 
not, hence in this case some special arrangement must be made. 
The difficulty can be overcome by inserting a translator 
i., (1258) , m2 
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(para. 30) in the junction line as shown i 
method is to insert a condenser in eacli 
In these eases only one of the two ring-off ; 
one station rings off, and it is necessary 
rinof off before the sicmnl f.n ri/Tif ■i i 


TB Af>JiSL.ATori. MAaruETo s^twG orr> 

Fig. 29.— Use of Translator in^ Junction ‘Wurking. 

exchanges. If it is necesary to be connected through three or 
more exchanges before the station required can be obtained 

XnalswSf*'”? T?’ ® •described, clearing 

signals ’f\i 1 only be received at the two terminal exchanged, 

and special arrangements must bo made for warning the intcr- 
mediate exchanges when the conversation is finished 

a exchanges on 

a system, translators need not be used if the lines are in good 

Srinf i j batteries at^the 

diffeient switchboards have the same E.M.F. and are joined up 

ith the same pole to earth. The positive pole should always 
connected to eartii, for the reasons given in Chap.'l, 

circuits are required between a mao-neto 
switchboard and a central battery board (see para. 39), special 
rrangements must be made, and would usually be provided by 


i cs. 

\ END 


U»NE mOtCATOR 


cowos tsds Rs a 

pfj METALCAttCO. ^ * I 

T- Flo. 3a-/imotion Ckiimection to Post Office O.B. Board. 

r, n 

ttie authority in charge of th'fe central battery b 
ooM^tions provided by the Post Office for a 4nc 
ot this nature are shown in Pig. 30 : the lines 
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%fiTi ordinary line at tlie central battery end, but special apparatus 
is neft«sary at the magneto end, as shown. The central 
battery end is called antomatically by the insertion of a plug at 
the magneto end. The magneto exchange is called by a 
generator. The clearing signal at the magneto exchange is 
reeeivetl from the station coimected to it, aiM the withdrawal of 
the plug at tlie magneto exchange clears at the central battery 
exchange. Where these connections are necessary at a’^magneto 
exchange provided by the Post Office, a strip of switch -springs, 

8-pf)iiit, is fitted instead of the switch springs, 5-point, men- 
■ fcioned ill para. ■ 23. 

3d. When there are several junction lines between two Arrangemen 
exchanges it is desirable to allot a* proportion of the junction yhen several 
lines exclusively to the ifse of each of the exchanges, the 
proportion being regulated by the number of junction calls available, 
originating in offices connected to each exchange. In such 
cases line indicators are not required at the outgoing end, and 
the junction lines can be joined to the transfer jacks, when 
these arc provided. In large multiple exchanges the incoming 
junction lines are all connected to sections separate from the 
siibseribf'i's’ lines, and an operator at another exchange 
requiring a junction connection, depresses a special key which 
places her telephone in direct connection with a call ’’wire 
wdiich is permanently joined to the operator’s telephone at the 
other end. She then gives the number of the subscriber 
wanted and the j auction operator says which junction line is to 
be used ; the connections are then completed at both exchanges. 

It is seldom that this method of working would be required in 
military systems, and the incoming junction lines should, as a 
rule, be connected in the same way as other lines. Where 
a power-worked generator is provided it will generally be best 
for the operator to ring the second exchange, and for the 
second exchange to ring the office wanted ; this method ensures 
the operator knowing whetlier the required connection has 
been obtained, and thus prevents the line being occupied by an 
office on one exchange trying to get connected to an offi.ee 
already engaged, and tlie line thus lying idle, when it may be 
required by another office. Sufficient junction lines should be 
provided to caiTj the traffic between the exchanges without 
undue delay. 

M u Ui^le Working, 

S7. Wliere a larger number of offices than can be dealt with by three 
operators liave to be connected to one exchange, multiple worfeing should be 
resorted to. In this case the lines ar5 connected to one answering jack and 
indicator, jis in the exchanges already described, and also to a number of 
multiple ” jacks. The line springs of all these jacks are connected togetiner, 
generally so that a plug inserted in any of these jacks is coi^cted to the 
line (Fig. 31). The multiple jacks ar8 arranged so that one jack connected 
to each line on the exchange is within reach of every operator on the 
exchange ; a complete set of multiple jacks usually extends over three 
operators^ positions, as each operator cau reach the jacks opposite the 



A NSwcr\NO JACH 
WITH IMD1CAT0« . 


Dt seen ciiat -nitn the al)ove arrangement, connections might 
same line at different parts of the board, thus getting three or 
lected together, and to provent this some “ engaged ” tost is 
^ of connecting the multiple Jacks and pro- 

iged test IS shown in Kg. 31, and is known as the ‘‘ break ” 
proyided at each Jack, permanently 
0 bi 7 Rh inserted, this spring is in 

broken ® when a plug is inserted, 

lack tl *b 'b ’ ®P™g piit to earth j thus, when a plug is 
are corm + surrounding all the other Jacks connected to 
'-onnected^tl ^ T Vf oentre point of the operator’s 
the sneak*^^^^ oat-terj to earth. This earth connection 
ik of tW^ r touching the 
lit is then the tip of a plug ; if the line is 

he receVe oompie^ecl, and a current flows from the battery 

ositionl t tb^ ^ (the operating key being in 

‘tirrent tnird wire, and so to earth and back to the 

ftTifra^Ad . fb J^cceiver and tells the operator 

be com-Dletod b disengaged, and the 

ia oy inserting the plug. It will be noticed that 
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disaflrantagti of iliis system is tlie large number of contact springs wlffili are 
In the ^peaking circuit, especially in a large exchange. In large mofierti 
exc!m!i|e% the Jacks are all connected in parallel (this system is called thc^ 
“'brimching ” system). This does away with the large number of contacts 
in the lines, but necessitates some special arrangements such as a relay, for 
disconnecting tlie line indicator when the line is in use. A cord with three 
conductors is somt times used instead of an extra contact in the jack switch. 

Exchanges for any number of subscribers up to about 10,rXJO can. he 
erected on this principle ; if sti].l larger exchanges are requii*ed, they must 
he split up and treated as two or more separate exchanges with Junction 
■ wires comieefciiig , them. ■ 


Central Battery Switclihoards. 

30. Central battery boards are used in all large modern exchanges in 
ciTil ]) actice. They simplify the operating, but the boards themsolTCs are 
very complicated, and will no^ work unless the lines are in good order. 
They are, therefore, not suitable for work in fortresses, where it may be 
necessary to conne(,;t temporary lines, which it may be impossible to 
maintain in as good condition a^ is desirable. Another disadvantage from 
a. military point of view is that the telephone instruments used with them 
are not suitable for use on direct lines. 

Tlie broad principle on which they are constructed is that the lines at 
the out station are normally connected to each other through the bell and 
a condenser ; the condenser allows the alternating current from the generator 
used in calling from the exchange to pass through and ring the bell. When 
the receiver is removed from the book, a metallic circuit is completed, 
which allows a current from a battery at the exchange to flow round the 
lines and through the line indicators at the exchange. Similarly, when the 
receiver is replaced, this circuit is broken, and breaking this circuit gives 
the clearing signal. The calling and clearing are thus done automatically 
by taking up and replacing the receiver. The indicators are small incan- 
descent electric lamps, which are placed close to the corresponding jacks, 
and which take up very little space. The details of the boards are too 
complicated for inclusion here. 

lustruotions for Wo^-Mng an Exchange System, 

40. In order to get the full benefit out of an exchange 
telephone system it is necessary for those using it, as well as 
the exchange opex*ators, to comply strictly with the instructions 
as to calling, ringing off, and answering calls. Concise 
instructions should therefore be hung up at each telephone. 
These instructions will of course yaiy with the type of 
exchange, whether there are junction wires to sab- ex changes, <&c. 
Some typical rules are given below. 

((t) For an exchange on the ring- thro ugh system. 

To call a. statio7i — 

1. Give the handle one or two sharp turns, take up the 

hand telephone and listen for the reply from the 

exchange. 

2. Give the number^ of the office required, and, as soon as 

the operator says “ throngh,” replace tlie band 
■,■; - — ^ — — — ' 

* Wh ?ri the number consists of ^wo or more figures, it; is better to give 
each figure separately, thus, No. 123 should be asked for as “one two 
three ” and not as “ one hundred and twenty -three.’* 



operator says JN umber— engrao-ed 
replace the hand telephone and call again in a few 

.). On termination of the conversation, replace the hand 
telephone and ring of by pressing the button (or by 
^a^dlef *^“**^°“ the same time turning the 

To answer a call : — 

4. Take up the hand tel(^)hoiie and speak. 

o. On termination of the conversation, ring off as above 

Generali — • 

6. Speak distinctly, but do not shout. 

'“S% Zuatr i‘ 

9. Eeports of faults, or complaints as to the working of the 

S 3 stem should be sent by letter or telephone to. 

10. local I a station connected to a suh-exchange, call the 

exchange as in 1, above, ask for the sub-exchancre 

excran^e 0 and call the sub- 

exchange, then proceed as in 2, above. 

(b) li the sub-exchanges are rung up by the operator 
iorlO, above, substitute:— 

af in sub-exchange, call the 

excuange as in 1, above, give the name oi the snb 

exchange ana the number of the office required listen 

for the reply from the distant office. ^ ’ 

(cj y the exchange rings all stations. 

r or 2, above, substitute:— 

2. Give the number (and if on a different exchange th,^ 
nameoi that exchange) of the station req uirt^d ’ and 
fof the reply from the distant office ^ ’ 

— Jf the operator &c 

Omit 1 0. 

Rules jur an e.cchange operator * — 

' V"S'.rX”tr ars " ' 
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, :i On receiving a ring-off signal immediately withdraw the 
•pings. 

4. If no ring-off signal is received after 5 minutes, come in 

on the line and ascertain if the conversation is’finislied. 
If so withdra.w plugs. ■ . . - 

5. on night bell at p.m. ^ 

fi. Improper or abusive language is strictly forbidden 

7. bpeak distinctly, but _do_ not shout. All unneCessarv 

conTorsatioTi and, noise is strictly forbidden. 

Rules re hours of duty, reporting faults, testing, &c., 

slioilid be added according to circumstances. 

It is not the duty of the exchange operator, especially in 
bosy exchanges, to answer questions or to receive complaints, 
notices of faults, &c,, but lie slionki, of course, do all he can to 
tacihtate the smooth working of the exchange. In busy 
exchanges it may be advis^ible to give the operator orders to 
switch anyone requiring information, &c., through to a separate 
instrument, where he can be attended to without delaying other 
work on the switchboard. ® 

It IS not as a rule satisfactory for the telephone system to 
be utilised as a telegraph system, l.e., for messaires to be written 
or received, by syTecial telephone 
opeiators, thongh this cannot in all cases be avoided ; except in 
the smallest exchanges the actual exchange operator should 
not transmit or receive messages. The system should, if 
possible, be so arranged that officers or clerks do their own tele- 
phoning, and speak direct to the person with whom they require 
to communicate. 

If circumstances render it unavoidable that messages should 
be out at the exchange, an independent instrument 

should be provided, and a special clerk detailed to attend to it. 
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TELEPHONE ACCESSORIES AND SWITCHES. 

Plug Boxes and Plug Jacks. 

1. Tbe box, ping, single, is used for terminating a telephone 
or ofcner line where it is not desired to leave the instrument 
permanently fixed. It is illustrated in Fig'. 1, and consists of a 
socket, connected to tlie line wiif'fes, fixed in a suitable case. 
Connection is made to tiie insrument by means of a plug* and cord 
( Plug’, ja-ck, W.D.,” see para, 3), which may be permanently 
attached to the instrument. When the plug is inserted in the 
socket, the two conductors of the cord are connected to the twci 


PLUG 90CKE- 


xaoNtTC, block 


»RCN nRACKE 


IPS*-'' 
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fcmo circuit. It is illustrated in Figs. 2 and 3. In tlie low 
part of #i?e box are two sockets, similar to that of the “ Bo 


Fig. 2, — Box, plug, double. 


double. 


tg, single.” Tbe left hand socket is connected to the ter tninals 
I/i, and the i-ight hand socket Lj, Lj, 







liiis*'* 


Two indicators (C) are provided, fixed ab 
EF and permanently connected to the i*esp< 
and sockets, so that they are permanently in b 
lines. This is to enable either line to attract 
the office, whether that line is connected to the t 
The shutters of tBe indicators are replaced by tu 
head K at the side of the case ; this turns th 
against a spring, and raises the shutters by in 
attached to it. 

The local contacts of the shutters arc ca 
terminals marked local/^ and if a battery and 
battery,” be connected to these terminals, an t 
^'ill he given when the sliufcfcer drops. The in 
ance 1000 ohms) are the saine^ as the rim 
described in Chap. XIII, para. 21. The instrnn 
in a brass case A, with two holes for the iiiserti 
and a glass window D, to enable the indicators t 
lioles are closed by movable daps Gr. The 
mounted on a wooden back board B, and is n 
tected from the weather as the ‘‘Box, plu^c 
shoald not bo fixed in the open, in exposed sitm 
protection. 

3. The “ Plug, jack, W.D.,” consists of a pi 
conductor cord. The plug is illustrated in 'Fi<r, 


aiu t^uonue. Jine cora (known as “Cord 
telephone, plug, jack”), is a twin flexible cord, fi feet lomr' 
provided at the free end with hooks for attaching to the 
terminals of the instrument with which it is to be used 
. plug and cord form part of “ Telephone sets, portable. 

A, but it required -witli other instruments tliev' must bo 
Jmanded separately. The “ Ping, jack, W.D.,” also fits the 
sockets of the Box, connecting, buried cable ” used on rifle 
ranges abroad, and m some cases at home. 

w"?! electrically similar to the 

Plug, jack, W-B., and the cord used is the same, but the end 
of the plug IS flat. _lh^ plug is used for connecting tele- 
.phones to the connecting boxes formerly fixed by the G.P.O. 
on riHe^'^ranges at home; it is not suitable for use with the 
seCTice plug boxes, &c. dny boxes fitted in future by the 
G.P.O. will be fitted to take the “ Plug, jack, W.D,” ^ 
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Fro. 5. — Swifceli, telephone, lOAine, Mk. 

ft 

Each switch. (Mark 1^) consists of five (or ten) ki^icafcors 
and jacks, a i^enerator, induction coil, microphone on S, stand, 
and a head receiver. The micro phone and receiver are con- 
nected the instrument by a fiexihle cord and 4-waj plug 
fitting into a socket. This plug rgusfc be inserted in the socket 
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« Couceiitrafors, 

5. WliVre several telephone lines terminate in an office, hut 
intereoriiiiimu’eation is not required, some form of concentrator 
i.s desirable to avoid a large number of separate instruments, 
aiid to eligible the central ofiice to speak on t\w) or more of the 
lines at the same time. This is especially the case in coast 
defenee vork. The Box, plug, doable,’' is a form of^ 2-line 
t* uiceiitraior, but it does not enable both lines to be spoken on 
at the same time. The service instruments for this purpose 
are known as the Switches, telephone^ 5-Iine ’’and “ Switches, 
telephone, Kl-liue,” for five and ten lines respiectively. The 
uonienclatiire is sornewliat confusing, and the existing- patterns 
are not: very satisfactory. ..Wnew pattern has been designed, 
and will probably be shortly introduced under the nonien- 
ciaiixre ('oncentrator, o-line and “Concentrator, 10-lirie.” 

(k Tlie g*encral appearance of the switch, telephone, lO-lijie, Switch, 
i^Iark b^% is shown in Fig. o, the 5-line is similar in all respects, telephone, 

except tiiafc it has only five indicators and five lacks. 

•* Mark I*, and 

I*. 



CONCEIfTEATORS, 


only when actually speaking or listening. If it- be inserted 
when the instrument is not in use, the speaking baW.ery will 
be exhausted, and if inserted when ringing, the secondary and 
receiver are in parallel with the generator. The neces.sarv 
connections are made by means of a plug, which is the same as 
that described n Chap. XfIT, para. 18, and Eig. .13, eieent 
that there is no cord, and the tip and sleeve of the pine are 
electrically connected. ^ 

The connections are shown in Fig. 6. The lines are 
soldered to tags inside the case. The indicators arc per- 
manently connected to the lines. The “B” lines are all 
connected to one pole of the generator and to the secondary 
or the induction coil. The other side of the generator and 
induction coil are joined to one point of the jacks, while the 
• A lines are .pined to the other point of the jacks. There is 
an automatic switch in the generator which disconnects it when 
tile handle is not being turned. When a plug is inserted in a 
jack, the circuit from the corresponding line is completed 
through the secondary. Terminals are provided at the side of 
the case for the microphone battery, and at the top for a local 
bell and battery, if such be required, the bell circuit beiinr 
clo.sed by the local contacts of the indicators. The indicators 
are the same as those used with the “Boxes, pluo- double” 
Ihe fact that all the “B” lines are permanently “connected 
together leads to overhearing and cross talk, &c. 

telephone, + • ,, pattern of 5- and 10-Iine switches are elec- 

5. and 10-line, ‘^^°ally the same as the Mark I* and suffer from the same 
Mark II. di^dvantages. The general appearance is also the same. The » 
aiiierences are as follows : — 

Terminals are provided for the line wi«.es. 

hr-a/ contact between a 
™ on the face of the swi! ,n (connected to the 

geneiator and secondary) and a brass block connected to the 

,^“d, ‘A,’” is used instead of the head 
leceiver and separate transmitter 

olootric, dry, ‘ A,’ ” is provided in the ■■ 
case, SO that a separate battery is not reqnired. 
ihe connections are shown in %. 7. 

?Swtne “Concentrators” will be fitted in cases of tlie same 

. e S. " “■* “■‘™ 

speaking keys on some exchange boards. There will be one 

ois^comocfed normal position the line 

to Its indicator only. With the key in the speak- 

indn^t^rf'onfl V <-0 the secondary of the 

fwn * ^ mdicator disconnected. By movino- 

ranir o^oos can be 

rung np, or spoken to at the same time. A ringing' key 


TELEPH 



|||?||| 







SWITCH TELEPHONE, 5 LINE 










CHAP. XIV.] 


SWITCHSS. 



disconnects ’the secoiidaiy and connects the generator, and i.s 
used w-l»en it is desired to ring up the out stations. 

Telephone Switches. 

9. There are several simple 2- and 3-wav switches in the 
service for throwing in and out of circuit eitension bells and 
telephones, &c., and also for use in ofaces where two telephone 
mes are terminated, and it is desired to speak on either or 
both lines, or to switch the lines through at will. 

lU. The “ Swdtoh, .single line, 2-way,” is a simple switcli for Switch, .Me 
connecting a single line to either of two other lines or instru- line, 2-way, 
ments, or it can he used as a simple* make and break switch. 

It IS chiefly useful for throwmg in and out of circuit extension 
e s, or the bells used to give audible warning wJien the 
iTgiicator at an exchange .switchboard, &c., drops. 

Wlien the extension bell is rang by an indicator, or sounder 
ac tng as a relay, or when the extension bell is arranged in 
parallel with the main bell of a telephone set, the switch must 
be arranged so as to hreakihe bell circuit when it i? wot reqnired. 

When the extension bell is connected in series with the main 
bell, or sounder, the switch mu.st be arranged so as to short- 
circuit the extension bell when it is not required. 

1L_ The “ Switch, single and duplex,” described in Chap. VJ, Switch, single 
para, o, is really a double-line 2- way switch, and can therefore duplex. 

used when it is required to connect a 'metallic circuit to 
either of tvvo instruments. For example, it would be used, if 
It was required to connect the telephone line from the exchange 
to the orderly room during office hours, and to the gnard room 
at other times, so as to ensure the telephone always being 
available in ease of emergency. If it is reqnired to enable 
either position to call up at any time, a “Switch, telephone, 
intermediate, must be used. ^ 

12. The “ Switch, telephone, intermediate, ‘ A,’ ” is a three- Switch 
position switch intended for use where two telephones on teleSae. 
single wire (earth return) circuits enter the same oflBce, and intermediate, 
commum^tion is reqnired in either direction, and it is also 
required to put the lines through, or to speak to both at once. 

1 his trequeiitly occurs when two telephones are connected to an 
exchange by the same wire, e.g,, one instrument in the clerk’s 
room and one in the officer’s. In such a case the switch is 
placed in the “ intermediate office.” 

The switch is illustrated and the connections shown in 
tig. ». A is a drum, carryieg three brass plates “B” 
tlirongh an angle of about 70° by means 
of the handle. The plates “ F ” are connected to the terminals- 
M Shown, and the connections are made between ihe'iflates bv 
the springs “C the black portions of the drum “ A ” are • ' 

; miniating material, ^ 

With the switch at “ through ” the local telephone is con- 

"r ' T- .'rr-; ; 7-'" ■■■■ ■' ^ , 





SWITCHES. [CHAP. XIT. 

nec^d in series in the line, and the exira bell is disconnected. 
With the switch at “ up ” the np line is connected to ^he local 
telephone, and the down line to the extra bell. With the 
switch at ‘‘ down ’’ the down line is connected to the local 
tdephone, and the up line to the bell. Either out station can 
therefore, call the intermediate station irrespective of the 
position of the switch. 

Wl^en one of the outstations is an exchang“e this is usuallY 
considered the up station. 

The “Switch, telephone intermediate, ‘ A is not suitable 
lor metallic circuits. 

1^3. The “ Switch, telephone, intermediate ‘ B ’ ” is intended 
tor the same pariioses a^3 the “A” switch, bnt is suitable for 
metallic circuits. It is illustrated-, and the normal connections 
are shown in Fig. 9. The bell is normally connected to the 
terminals marked “extra bell,” and the local telephone to those 
marked “ T. 


Switch, 

telephone, 

intermediate, 
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THE VIBEATOB SYSTEM, 


1. In most systems of Morse telegraphy, tlie time intervals 
composing tlie various letters are intervals of silence between 
sharp and distinct sounds, caused by the aiTOature of an electro- 
magnet being moved against a sto|> when the signal starts^ 
remaining there during the^signal, and returning to its original 
position against another stop, when the signal is completed. In 
the vibi*ating system an ordinary telephone receiver is used as 
the receiving instrument, and the signals ai’e given by long or 
short durations of buzzes ” in the receiver*, separated by periods 
of silence. 

To produce these signals in the receiver, a rapidly vibrating 
or intermittent current is required, the “period”’^ of the 
vibrations being about 150 to 500 a second, viz., that of sound- 
waves. If this period is kept steady, a more or less musical 
note, having a definite pitch, is produced in the receiver. 

2. The advantages of this system are : — 

(i) The telephone receiver is extremely sensitive, and 
consequently a very small current is required. 

(ii) Vibratory currents (as explained in Chap. I, para. 62) 
will pass through condensers, and consequently a 
circuit can be divided into two parts, so that ordinary 
Morse currents will pass through one path only, and 
the vibrating currents through the other. This enables 
one line to be used for two independent telegraph 
circuits at the same time. 

(iii) It is easy to px*oduce very high momentary E.M.P.V 
by means of induction coils, or similar devices, and 
this, combined with (i), enables this system to be used 
on lines of very high resistance, and comparatively 
poor insulation, without the very large battery power* 
that wo aid otherwise be required. 

(iv) The telephone receiver requires no adjustment, and 
is always ready to receive either strong or weak 
signals ... 

(v) The instruments requif-ed are light, and the batiery 
power small, consequentljr the apparatus is veiy; 
portable. 


* The period*’ of tiie vibration is the time taken for one co^sppletcr 
vibration to and fro, e.jgf., from b to b, Fig. 3* 1 
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S. The disadvantages of the system are due the same 
peculiarities of vibrating currents, and are : — 

(i) The vibrating currents induce similar currents in all 
neighbouring wires, and these produce buzzes in any 
telephone receiver connected to them. Thus several 
vibratoi^ circuits cannot be run side by sid^ for any 
distance, or even be connected to the same earth, 

♦ unless the latter be of extremety low resistance. 
Similarly, vibrator circuits in the neighbourhood of 
telephone circuits interfere very seriously with the 
latter, unless these are very carefully constructed 
metallic circuit]^ properly revolved. 

(ii) Every line has a certain capacity between itself and 
earth, and this capacity inci'eases v, ith the length of 
the line. Vibrating currents will pass through such 
a capacity, and leak to earth on a long line, even if^ it 
is well insulated. The vibrating system is therefore 
not suited to working on long lines.* 

(iii) It is more tiring to the operators than ordinary 
sounder circuits, and the speed of operating is slower. 

4. It will be seen from the above that this system is very 
suitable for use on advanced military lines, as these are 
generally not of great length, and seldom of as low resistance 
and high insulation as is desirable. It is also of use for work 
at small intermediate offices, when a separate line for local 
work is not available, the through line being worked at the 
same time with a sounder. A small addition to the apparatus 
enables it to be used as a telephone ; this is very useful for 
what may be called “ tactical lines, and also enables it to be 
used for communication with a lineman equipped with a tele- 
phone portable D, without interrupting the Morse working on 
the line. 

The system is also used for “ calling ” in telephone work, 
where it is desirable to avoid tbe weight due to a generator and 
bell 

5. The method of producing the intermittent currents is 
illustrated in fig. 1. The principle is the same as that of the 
trembling battery ringing bell described in Chap. X, para. 13. 
On depressing the key a current flows through the magnet 
coils “ A,’* and attracts the armature “ B ” ; this breaks the 
circuit, and the armature flies back and again completes the 
circuit. This process is repeated as long as^ the key is kept 
depressed. The armature is made of a stifl spring, and 
weighted at the free end, so that it has a natural period of 

- Tibi*ation..of 300 to 400 a second. The period can be slightly 
altered % advancing or withdrawing the contact screw ‘‘ CJ' 

' ^ * About 40 miles is found to he tbe limit for field cable lines. 


Disadvan- 

tages. 
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6. n thk awangement were connected up in the lineT the Connection 
E.M.F. produced would be that of the battery, and of transmitter 

me effect produced in a liigli resistance cii'cnit would be small. 

Tne circuit is therefore completed through the primary “ » of 
an induction coil, and the secondary of this coil is connec^d to 
ttie extepial circuit, as shown in the figure. Py this means the 
■ Jt.M.F, can be largely increased, and considerable current ' 
variations produced^in a high resistance external circui^. The 
action of the induction coil is the same as when used in tele- 
phone sets (see Chap. X, para. 8). The currents induced in 
the secondary coil will be alternating, even if those in the 
primary are only intermittent. 


' UltNlES. * 

Fio. 1.— Buzzer Circuit of Telephone Sets, portable, B, Mark II. 

7. When the circuit is broken the current does not stop 
suddenly, but dies out more or less gradually, and a spark 
occurs at the break (see also Chap. I, para. 54) ; this spark is 
caused by the current Jumping the small air gap when the 
circuit is first broken. It must be remembered that we are now 
;wnsidering currents that stop, reverse and restart several 
hundred times a second, and that a current that takes, say, 
of a second to die out must be spoken of as dying out 
gradually ; in ordinary Morse iforking a current that had 
ceased in, say, of a second wonld ^tiil have stopped instan- 
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r 

momentary E.M.F. induced in the secondary, ji condenser 
connected across the break, as shown by the dotted -lines in 
fig. 1, has the effect of making the current die out quicker, and 
also reducing the sparking. For these reasons a condenser is 
usually connected in this manner. These are the connections of 
the calling circuit of the “ Telephone sets, portable, ^ D,’’ 
Mark II » (Chap. XII, para. 49). 

8. in the “ Transmitter, vibrating ’’ and “ Yibrator, tele- 
graph,” which are designed on the same principle, the vibrating 
ctiiTents are produced in a slightly different manner. The 
connections are simpler, and are as shown in fig. 2. There 
is no regular induction coil, and the lines are connected 
direct to the ends of the magnet coil ; a receiver is inserted in 
one line. ^ 


Theory of 
telegraph 
vibrator. 


unje 


FiU. 2. — Connections of Telegraph Buzzer 


It will be seen that when the key is depressed there are two* 
paths for the current, viz. (a) through the coils — ^resistance 
about 10 ohms, (h) out to line — ^resistance may be very greats 
but will seldom be less than 800 ohms. A small portion only 
of the current will, therefore, flow out to line, the greater part 
flowing round the coils as indicated hy the arrows in fig, 2. 

When the circuit is broken at the contact spring the lines- 
of force collapse and cut the wires of the coil, producing a high 
E.M.F. This B.M.F. tends to- 

(a) Keep the current flowing in the same direction in the* 
coils. 

(h) Send a current out to line in the reverse direction to- 
that previously flowing. 

(c) Spark across the gap, and continue the current through 
the battery. c 

^ The result is 

, . (a)^he existing current in the line is reversed, and a 
spurt of current is sent along the line. i 
produced at the break, and ihe^ battery 
but does ; ' ■ 
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, The arnfatiire then swings back to the contact screw, and 
again completes the circuit. This happens while the reverse 
current is still flowdiig to line, hut is dying out, and takes place 
about of a second after the current is hrst started. The 

resnli is 

(a) The current flowing in the line is again reYOrsed, and 
flows in its original direction. 

(h) The current in the coils grows, until it ptllls the 
armature away from the contact screw. This takes 
place about xow ^ second after the current is first 
started. 

The same procedure is now repeated. 

The actual currents in the line and battery circuits at any moment are 
shown in Fig. 3, "'A’* represents the current in the line and that in 

th# battery. In these curves “b” is the point where the circuit is broken, 
c” where the induced current in the line begins to die out, the point 
where the circuit is again made. The curves are those actually observed 


lOO 

ecAve. , or TiiwiE iM «*,co»4Ci». 


when the transmitter was connected up with its receiver to an external 
resistance of 200 ohms, the battery used had an E.M.F. of 8 volts, and a 
resistance of about 1 ohm. With other resistances in circuit, curve A ” 
would remain the same in general character, but the amplitude would vary, 
curve B ” would remain pracdically unaltered. 

- “ 9. The action of this transmitter is almost exactly equivalent to that of Water 
the water ram, sometimes used for raising water. In this contrivance water analogy, 
from a stream is allowed to flow through a pipe ** P,*’ Fig. 4 : as soon as the 







Pig, 5. — Transmitter, Vibrating.. 

r ' 

11. The ^‘TraBsmifcter,*- vibrating/’ is illnstrated in Pig. 5, 
and the connections, joined np with a Telephone, hand, ‘A/ ” 
in Fig. 6^ When the switch of the hand telephone is pressed, 
a circuit is completed round’' the coil, through the microphone 
and. Jwo cells. Speaking into tbe microphone then produces 
in th^e usual way, these variations aitC 


Apparatus for 
a vibrating 
telegraph set. 
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flow of water is established, a valve V ** is automatically closed, and the 
current stopped. The inertia of the moving water creates a camiderable 
pressure (compare Chap. I, para. 55) against “ T and ‘‘ Q,” and this 
pressure opens a valve at Q ’’ and forces a portion of the water from “ P ” 
up a pipe “ R,” and will raise it to a considerable height. As soon as the 
water in “ P ’* has definitely stopped flowing, the pressure is only that due to 
the fall along the pipe*" P,” which may he small and insufficient to t^ise water 
in " K ” to the required height. As soon as the pressure falls, “ Y opens, 
and the ^yele is repeated. The flow in " R is intermittent, and water 
spnrts up it each time “Y'’ is closed. This corresponds to the spurts of 
cixrrent in the line when the circuit is broken in the vibrator. It should he 
noted that in both cases the current produced when the valve is closed, or 
the circuit broken, is always less than that flowing in the original circuit, hut 
that the pressure produced is much greater. 

■ 10. Tbe complete apj)aratus for a vibraiing telegraph set 

consists of a transmitter, a band telephone, and a battery 
(a “Battery, dry, 6-cell,” is generally used). The transmitters 
in tbe service are tbe “Transmitter, vibrating, Mark IV,” and 
tbe “ Vibrator, telegraph.” Tbe first mentioned was that 
formerly used by tbe Telegraph Companies, and is still used by 
the R.A. The latter will in future be supplied to tbe telegraph 
units. 

lYben used in the field, a “ Receiver bead ” is generally 
provided as w^ell, and connected in parallel with tbe receiver of 
the band telephone. 
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current in the line, and speech is repro- 

no. ?Js;o‘iE.;rsts 


■Connections of Transmitter, Vibrating, 


Fig-. 7.— Transmitter, Vibrating, Mark TV, connected np witb Men 

0, Mark 11. i 

It will be noticed that if a “ Telephone, hand, ^ 0/ iVh 
be used with this instrument, it must he connected 
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shown in Fig. 7, and not according to the labels on^ the base- 
board of the transmitter, otherwise either the coil or the lines' 
will be short circuited. 

12. Phe magnet cores are composed of split tubes of soft iron, packed 
with charc«^l iron wire. The yoke is of soft iron, secured to the cores by 
wo Ho. 4 B. A. iron i^rews. The bobbins are formed by fixing’’ ebonite 
cheeks to the ends of the cores, the latter being insulated with paper and 
variush. The coils are wound with double silk covered copper wire 
*0108 inch m diameter (Ho. 32 S.W.G-.h soakerl 


Details, 


Fig. S.— Yibrator, Telegraph, with Telephone, Hand, C/’ Mark II. 

13. The “ Vibrator, telegraph/’ is very similar to the above 
and IS illustrated in Fig. 8. The differences frcni the Trans- 
mitter, vibrating/’ are: — 

T (a) A condenser of g-^^th microfarad capacity is inserted 
between the instrument and the earth terminal, and 
a brass strap is 'provided to short circuit the con- 
. . .. denser when not required. The use of the condenser 
■| IS explaipied laler^., , ^ , ■ . - . 


n 
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(b) A Discharger, lightiiiDg, bobbin,” is proTided, and 
,a spare bobbin is supplied, mounted on the same 

fixing screw as the one in use. In consequence the 
terminal marked “ E ” should always be connected to 
earth, " 

(c) The receiver is short circuited when the key is 

depressed, by: means of the contact S.” This is to', 
avoid uonecessary self induction ■ and resistance in the 
line. .• 

(fl) A three- wmj ping is provided for connecting the 
Telephone, hand, ‘ 0,’ Mark II,” w'hich is intended 
to be used with this instrument. Four terminal 
screws are provided on the* plug, and should be con- 
nected to the band telephone as marked. The 
lead R.J is not required when the hand telephone is 
„ used with the vibrator, the terminal screw is only 

provided to avoid loose leads. If a ‘‘ telephone, hand, 

‘ A,' ” is used with the vibrator, the microphone leads 
are connected to Mx and Ma, and the receiver leads 
to Bi and Ha ; Ms and Ba are connected by a strap. 

(e) If a head receiver is used it is connected to the 
terminals marked ‘‘ B not to the plug. 

14. The ends of the cores are provided with small non-inagnetie projec- 
^tions, to prevent the armature from touching the cores. The steel piuuger 
*oa the underside of the key lever is provided "with an ivory tip. The con- 
denser is of r2o microfarad capacity, within 25 per cent., and is jacketed 
with ebonite. The connections on the underside of the base are of Ko. 22 
tinned copper vrire, cotton covered and braided. The details of the coils, &c., 
.•are the same as for the “ Transmitter, vibrating.” 

Suj)er imposing, Vibrator and Bounder, 

15. It has already been stated that Morse^ and vibrator 
instruments can be simultaneously used on the same line. The 
♦currents used in vibmtor working alternate so rapidly, and are, 
as a rule, so small that they do not in any way interfere with 
the Morse working. It is usual to connect a vibrator to a line 
by ‘Hee-ing ” in, i,e., connecting the line through the vibrator 
to earth, whether at a terminal or intermediate office. This 
method of connecting up reduces the resistance and the self- 
induction of the line, and also in many cases avoids cutting the 
line wire. If an instrument were connected up in this manner 
to a sounder circuit it would, however, provide a path for the 
Morse current to leak to earth, and be equivalent to putting an 
^earth fault on the line. To avoid this a condenser is inserted 
between the line and earth, and it is for this purpose that the 
•condenser in the base of the YiWator, telegraph,” has beeii 
provided. This connection to earth through a condenser does 


, , * 'In this chapter the term “ Morse ” applies to ordinary soAder or 
^recorder circuits, whether S.O. or D.O.^ simplex or duplex, &c 
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not provide a path to earth for the continuous cu/rent used^ 
and the only result on the Morse circuit is to slightly increase 
the capacity of the line. The effect in D.O. simplex working 
is negiigeable, but in duplex or quad ” working it may 
necessitate a slight adjustment of the compensation circuit 
(see Chap. YII, pai%.. 10). 

16. To Tinderstand the effect of the condenser, and of the Morse signals, 
on the receaver of the vibrator circuit, it is necessary to consider more fully 
the action of the telephone receiver. When a current passes round the 
receiver coils, the magnetic field of the receiver magnet is either strengthened 
or weakened by the current (see Chap. X, para. 5). As long as the 
current remains steady the receiver diaphragm remains steady, hut as soon 
as the current varies the field will vary, and the diaphragm will more. 
If the diaphragm moves sufficiently sharply a sound will be produced. 
If the current suddenly rises and then reirains steady, as is the case with 
the currents used in ordinaiy sounder working, the diaphragm will suddenly 
move, and then remain steady. The result is a “ click ” in the receiver. 
When the current ceases suddenly the diaphragm moves suddenly back, 
producing another click. If the current grows or dies dowm siowiy, the 
diapliragm will move slowly, and consequently produce little or no sound. 
In other words, the noise produced in the receiver depends not on the 
strength of the current flowing through it, but on the rate of change of the 
current. 


Aetiop. o£ 
receiver. 


17- If a pondenser be inserted in series with a receiver, no steady current 
will flow through the latter, but anything tending to alter the current 
that would pass through the receiver, in the absence of the condenser, will 
cause of momentary current to flow into (or out of) the condenser. Thus„ 
anythipy that would produce a varying current in the receiver when no 
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rtta wiu still produce a Taiying cnwent wlien a ccmdeuser 
shape of the e^enfc curve, and therefore the quaUtv of 
iced, may be slightly altered, but the frequencT and' the 
■isties remain ^e same. The insertion of the ‘condenser 
•e, materially affect the vibrator signals 
the c^nt curves in three different eases when the 
base of the vibrator is in the eirffnit. Curve A is when 
meeted through its own receiver, but no other resistance 
the current at the end of a Hne of 200 ohms resistance 
3eiTerj and a capacitj to earth of 1 microfarad.' CnrTe C 
nstance and l/3rd microfarad het-ween Hne and earth. The 
^ to the same scale (compare Fig. 3). 

! shows that a cironit connected up as shown in Fig. 10 Effect of 
mder to work iirespective of the vibrator, but the elfect Morse on 

When vibrator 

^ ^ ^ current into the con- signals, 

fort through the receivers. The loudness of the resulting ^ 
the suddenness of the rush of current, and this depends 
hieh the current in the line at the point to which the 
depends, again, on the capaeitv 
oi the eircmt between this point and the batterv. If 


vibwatW 


Bpinduction in the line, the current wiU rise 
and fail suddenly, as shown by the eiirre Fie. 11. If therp 
considerable capacity in the line between A and B (Fig 10) a Dortion of 

the current v^l at brat flow into this condenser, and \hf rate’ of CS of 

(Fig. 11). If there is self-induction, between A and B, and no capaeitv the 

slower, the curve being^as shovra 
^•11 V u self-mduction and capacity are present, the current 

not provided that the B.M.F. and resistance are 

..j. “ d ” is the one that shows the most gradual 

™ thaouwent, and therefore is the arrangement that will least 
^eot the receiver of the vibrator ; if she capacity and Mlf-induction are of 

working wiU be insufficient to 
-working. As every line has a certain amount 9 f 
Klf. induction, It may be found that, if the Mor» set is at a 
^tanoe, it w^ not interfere with the vibrator, and in any cJe the inter- 
will he less the further the Morse set is from the iLeiving ^ibrXr 

If the Morse and vibrator sets arg in the same office, or close tc kether. 
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tRe necessary capacity and seU-inductioii must be inserted aj shown in 
Mg. 14. As vibrator currents do not pass readily through a ^jirciiife 
possessing much self-induction, special self-induction must not be “inserted 
between two vibrator offices, but must be inserted between the vibrator and 
the Morse. 




If there is an intermediate Morse office between two vibrator offices, the 
self-induction of the Morse relay, &e., will weaken the vibrator signals when 
that office is not sending, but not when it is sending ; the intermediate Morse 
sets should therefore be shunted with a condenser {see pai-a. 23) : this allows 
a free path for the vibrator currents, irrespective of whether the Morse office 
is sending or not. 

The above applies whether the Morse sets in use are D.C. or S.C., simples, 
duplex, or quadruples. It is, however, practically impossible to work a 
vibrator on the same line as a high speed Wheatstone automatic. The 
currents in tos case alternate so rapidly that they cannot be modified so as 
not to affiect the telephone receiver, j^itbout at the same time reducing the 
speed of working to almost key speed. It may even be found impossible to 
work vibrator over any considerable distance on a line running on the same 
poles a^.one forming part of a Wheatstone circuit. 
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, 19. We see from the above that the following conditions 

are necessary for simultaneous sounder and vibrator workino- 

on^ tlie same, line:— . 

(a) There must be a condenser in series with each vibrator 
to avoid putting an earth fault on the line. ' 

Qj} There must^ be a certain amount Of capacity and self- 
induction in the line betwee.n the Morse and vibrator 
sets,^ and it is usually necessary to iixsert this 
specially. 

(c) There should be as little self-induction as possible in 
the vibrator circuit. 

20. The necessary seif-’indiietioit is provided in practice by 
an electro-magnet of 200 c^ms resistance. This electro- mao-net 
and two condensers are contained in the ‘'Separator, field 
^service.” The pattern now in use is Mark II. This consists 
ot a wooden box with an ebonite top, on which are two rows of 
four terminals each (Fig. 12), The four terminals in the front 


Fia. 12. — Separator. F.S., Mark II, 

row are marked “Y,’’ ‘‘ L,” “M,” and respectively. 

These terminals ai*e connected to the corresponding back 
terminals by four “ lightning choking coils,” each consisting of 
6 feet of “ S 11 wire, coiled into a spiral, and enclosed in 
a rubber tube. These coils possess a small amount of self- 
induction which, while too small to affect the vibrator signals, 
is sufficient to offer a considerable “impedence” to a lightning 
flash. ^ Between the back (unmarked) terminals “Y” and 
“ L ” is connected a condenser of > 5 ^ microfarad capacity, and 
between the back terminals ” and “ E ** one of micro- 
farad. Between the back terminals L ” and “ M ** is con- 
nected the electro-magnet of 2^0 ohms resistance, jacketed 
with iron to increase its self-induction. The cotoeetions are 
shown m Fig. lo. The condenser is intended for* 

inserting between the line and the vibrator, and tl^e |.mf.. 
condenser for modifying the Morse currents. ■ * ' 
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Conneetiom 
of separator, 
vibrator, and 


Chap, XVIII, p. 242). If on. 
were intermediate, the conm 
indicated in the figure, proi 
work the vibrator on the fur 
ehotild be noticed that a sepai 
office, and at these offices (;he 
f Tibrator is not required. At i 
^ separator igt required when the ' 

condenser is damaged the 

..’(L must be as giv^ for 
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but terminals “ E ” and “ Z ” must be diseonnected-'bj moviiic^ 
tto copper strap. It is not necessary to cut tbe line at these 
offices. 

:&f a Transmitter, vibrating,” is used at tlie intermediate 
fi % separator (or separate condensei*) is required, terminal 
L of the separ^or being connected to line and “ V ” to tbe 
transmitter. Terminals “M” and ‘‘E” are not required, 
though dt may be desirable to connect terminal E ” to earth 
as a protection against lig'htning. 

Conueotions 23. Diagram B, Chap. XVIII (p. 242) .shows the normal 
of .separator at connections at an intermediate Morse office when it is required 
to work vibrator through it. This provides a path round the 
iorse set, free irom self-induction, and at the same time 
modifies the Morse currents. It will be noticed that these con- 
nections are not possible with the “Transmitter, vibrating,” 
unless two separators are available. If only one separator is 
available it is generally best to connect up as shown in Fig. 15. 


Fig. 15.— Separator and Transmitter, Vibrating, at intermediate Morse Office. 

In this ease the terminals “L” and “M” of the sepai-ator 
should be Joined by a piece of wire. This ari-angement 
provides a tree path for the vibrator currents round the Morse 
set, and prevents an earth fault, hut the Morse cuxrents may 
interfere with the vibrator when the intermediate Morse is 
sendmg and the vibrator at the same office receiving As 
a rule, however, this will not matter, as the vibratra will 
generally only be required when the line is being used for 
turougn Morse working. 

If it is required to establish local communication by means 
ot vibrator offices on a maia line, the vibi^tors should be 
‘tee-ed in through a cpndenser, as shown for the inter- 
meiate vibrator office iu Fig. 14. If the Morse offices on 
either si^, are not provided with separators, the Morse signals 
may be found to seriously interfere with the vibrator working 
^ this ca^ it will be necessary to cut the line at the two 
terminal vibrator offices, and insert a separator, as shown in 
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Fia. 19. 

-work vibrators at an intermediate office in 
botli directions on the same line, independently, the connec- 
tions shown in Fig. 19 will often enable this to be done. Three 
separate earths should be used, and kept as far apart as possible. 
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SUPERIMPOSmG, 

1. Superimposing means tlie utilization ' of ...a-n electrical 
circuit for tlie simultaneons transmission of signals bj two or 
more iiietliods. Tlie examples of tMs most used in military 
work, viz.j simnltaneons sounder and -vibrator, or sounder and 
telephone (pbonopore), working on a single line, have been 
dealt with in Chaps. XV andXn respectively. 

It ivas explained in Chap, I, pax'a. 52, that it is generally 
necessary, in order to ensure good speaking, to use a metallic 
circuit for telephone working wdiere the lines run on the same 
poles as telegraph wires, and that it may be quite impossible 
even to work vibrator in such a case, if one of the ivires forms 
part of a Wheatstone circuit. The methods descidbed in this 
chapter enable a metallic circuit being used for telephone 
working, thus getting rid of inductive distui'bances, w'hile at 
the same time one or both of the lines is used for telegraph 
working. It is, however, impossible to use one of these wires 
for high-speed automatic wmrking, owing to the fact that it is 
necessary to include inductive resistances in the telegraph part 
of the circuit, and to the great difficulty in the prevention of 
interference with the telephone. 

There are two main methods of simultaneous telegraph and 
telephone working : — 

(a) By modifying the telegraph signals so that they will 
not inteirfere with the telephone. 

(h) By means of bridging coils or transformers, acting on 
the principle of the Wheatstone^s bridge (Chap. XX). 

The methods already explained are examples of (a), 

2. A system known as Van Bysselberghe’s, largely used in Van By«sel- 
Belgium, enables a telephone circuit to be superimposed on berghe's 
two telegraph lines, each of these lines being still employed for 
telegraph work. This method is shown in fig. 1, the telegraph 

sets at C and D being exactly similar to those at A and B. It 

will be seen that the principle is exactly the same as that of the 

service separator when used with the vibrator, and that the 

telegraph circuits' cannot interfere' with each other, owing to the 

condensers inserted in the lines, condensers inserted in 

the line have a capacity of f microfarad, those in the telegraph.* 

set 2 microfarads. Two impedance coils, each of ai|X) ohms • ■ 

_ resistance, are used at each telegraph set, as shown* If para. 18, 

Chap, XV, be referred to, it will be seen that the effect the 
Morse signals on the telephone will be even less in tbis case 
V. ;(1258) . p 2\ ^ 
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tiian in that shown in Fig. 14, Chap. XV, partly owing to tlie 
inductances and capacities used being larger and partly because 
the telephone receiver is not connected direct to earth. 


Fig. 1. — ^Yan Rysselberghe’s System. 

The calling on the telephone circuit cannot be done with 
the ordinary generator, as this would interfere with the tele- 
graph working, and either a buzzing call must be used or a 
low frequency current from an induction coil actuating a special 
and extremely sensitive form of relay. 


Fig. 2. — Use of Bridging Coils for Superimposing. 

' ^ a 4>. The use of bridging coils for superimposing is shown in 
: ooils. Fig. 2. The insertion of the bridging coils does not affect the 
, A . speaking, owing to their high self-induction. The current 
from i^e telegraph instrument at A divides at x into two parts, 
which reunite at y and return through the telegraph instrument 
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at^B and eai'tln If 6lie two portions of the circnit are alike in 
all respecfSj the corrent will divide into two equal parts, and 
the points c and d will always be at the same potential as far 
as the telegraph instruments are concerned. Similarly the 
points e and / are always at the same potential. Consequeiitiy 
the telephone instruments will not he affected^by the telegraph 
currents. It is not sufiBcient that the two paths and a* df]j 
should merely have the same resistance, they mast also have 
the same capacity, self-induction, and insulation, or the currents 
due to the telegraph working will not rise and fall at the same speed 
in the two branches, and the pomts c and d will not alavcT/^heat 
the same potential. It is seldom possible in practice to make 
the portions o e and df absolutely vsimiiar, but the portions c, 
rr d, e ?/, and/y can be made fX), and as a large proportion of the 
total resistance and self-induction in the circuit is in these 
poj:*tions, a small difference between o e and df is not of such 
great importance. 

It will be seen, however, that a small earth fault between 
the bridging coil and the telephone (say at jp) will at once 
cause a portion of the telegraph current to pass through the 
telephone, and will thus prevent good speaking. This method, 
therefore, is not suitable for use 'when the telephones are at any 
distance from the bridging coils, as would be the case, for 
example, if the wires wei*e used as a junction circuit and 
extended to other lines through an exchange. 

The translator described in Chap. XIII, para. 30,^ can he 
used as bridging coils for this purpose, and in this case the 
terminals marked S, S, and C, in Fig. 24, Chap. XIIT, are used. 
A common value for the resistance of the bridging coils is 
150 ohms each, Le., resistance r x (Fig. 2) is 150 ohms, and 
resistance c d is 300 ohms. 



Fio. 3. — Use of Translator. 

5. The method of using translators, or transformers, is Uw of 
shown in Fig. 3. The telegraph currents divide as before, but 
as the two halves of the secondaiw winding $ of the translator 
‘oppose each other there is no magnetic effect, and therefore no 
current is induced in the primary, f.a, in the telephone portion 
of the circuit. As far as the telephone is eoneemed,^tha 
lator acts as an ordinary induction coil. The callings, must be 
don© by a generator, or by a bu 7 .zihg call. 


* See also para. 8 of this Chapter. 
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This method has the advantage that an earth Tanlt in the 
line between the translator and the telephone does not cause 
the telegraph currents to interfere with the speaking; it is 
theiiefore the preferable method when the telephone circuit is 
liable to be extended over other lines. On the other hand, the 
insertion of a trafislator in the telephone circuit reduces the 
loudness of the speaking. 

Th^ translator may also he usefully employed when an 
earthed telephone circuit runs a portion of the way on a main 
route and then branches off. The inductive disturbances will 
be mostly produced on the main route, and they can be eiimi« 
nated as shown in Fig. 4?. 


EHmmation d. It should be noticed th£t to obtain the full benefit of the 
of induction, metallic circuit for the telephone in the above described methods 
superimposing, this circuit should be constructed as described 
^ for telepipne circuits in Yol. II, «.e., the wires must be of the 

same material and gauge, have equal insnlation, and they 
should preferably be “ revolved,*' or at any rate “ crossed.’* If 
this is not attended to the speaking vrill not be good. 
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7. Translators^ or bridging coils, can also be used to s%per- lilultipiei: 
iaipose a^tliird metallie telephone circnit on two existing circuits, tekphoav. 
t.e., to enable four wires to furnish three good metallic telephone 
circuits. Fig. 5 shows the arrangement which is adopted on 
some of the Post Office trank lines. All the four wires 'ased 
mast be^of the same material, gauge, &c., to ensure satisfactory 
working! * 


7. TCRMINAU. 


8, Since tho above was "written it has been decided to intro- 
duce a transformer as a service store, under the nomenclature 
‘^Transformer, telephone.” This t1:*ansformer is provided with 
seTen terminals, which enables it to be nsed for »a variety b£ 
purposes. The terminals are connected as shown^ in Fig. 6. 
The coils between terminals 5 — 7 and 7 — 6 have a resistance Q,f 
150 ohms each, those between S — 4 and 1 — 2 of 75 ohms each.' 
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a 4-tei-minal ti-ansfomer (see para. 30, 
pai'a. 5 of this chapter), terminals 2 andc4 
re, terminals 1 and 3 are used as tlie 
as the secondary:; 

bridging coils (para. 4), terminals 1 and 3 
Igmg coils, and 7 as tile centre 
rming a bridging coil 

a S-terminal transformer (para. 5), ter- 
■e connected together, 1 and 3 to the telephone 


^ben used as 

Chapter XIII, and ^ 

are joined bj a piecd of wire, 
primpy coil, and terminals 5 and 6 
terminal 7 is not used. 

When nsed as 1 
are used as the e«ds ofthe 

When nsed as 
ininals 2 and 4 arc 

7 ° f ^ ^ telegraph set. 

intermediate^Telpo'rrrT insert an 

mrermectiate telegraph dfliee where the telegraph cirenit is 

superimposed on a telephone circuit ^ ^ 

Kg. 8 shows another use of this transformer. 


Other appli. 
cations. 
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CHAPTEE XVII. 

PBOTECTIOJf PROM LIGHTKIXG 
CIRCUITS. ' ’ 


ard power 


Lightning Diacliar 

discharge consists 
with a high freqncucy, and -with an en 

„»,.3 T 

a cloud and earth, c- 
^^wn the insulation of "the 


osciJiatmg enn-ent lightning 
sly high E.M.P. or discliarge. 
potential between 
sufficient to break 
The spark or 
' a telegraph 
, wii*e. 
properties of the 


potential, and occurs when the difference of 
or between two clouds, is 

S* prodnced may actually strike a 

pole 0 i^re, or may induce a similar current in the 
•u discharge has thus all the 

in the vibration system IChant XV”i 

tne eneig^ m a lightning flash is very large, and it is canable 
of doing a large amount of damage to teleoraph instruments 

rough yei j high resistances, if such occur in its path but 
SVse RindTori through^a circuit 

a coil naimg any appreciable self-induction, it will not nass 

;r.w,ri ' w ‘.‘■'“If'* “» s 

the shoi£est and straightest path to earth. 

2. We see from the above that if we provide a path to e^irfh 
which has a small self-induction, the lightning will pass throuD-h ’ 

nath instruments^ even if the ' 

' resistance. The simplest way of doincr 
this IS to provide a path to earth contain^ a small airS 

either between points or plates of mpfni 
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plaoeS side by side with tbe serrations just not tojicbino- one’ 
plate being connected to tbe line, and tbe other to eartb. • 
Tbe service types -will be described in detail ; all commercial 
patterns are more or less similar. 

8. Tbe “discharger, lightning, circular, Mark I ” is supplied 
either mounted op,a wood base or unmounted, and is illustrated 
in rig. 1. It consists of two circular brass plate's about 
inches diameter, separated by a thin perforated mica disc. 


Discharger, 
lightning, 
circular, 
Mark I. 


BRASS ‘WA© HER 

SEiCTlON. 

‘Discharger, Lightning, Circular, Mark I (Mounted). 


PUAN. COVER OFF. ENO ELEVATION. 

FlO. 2.— Discharger, lightning. Circular, Mark II (Mounted, Single). 

The plates are held together by a screw, which is insulated 
trom the upper plate by an ebonite hush, and screws into the 
The line wire is placed under this bush iu contact 
TOtn the upper plate, and tbe earth wire is attached either 
above the bush to make contact with the screw, or to the lower 
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single, or moanted double, tbe mounted dischargers being pro- 
Tided with a wood cover. This pattern is also used bj tbe Post 
■Office. 

In both tbe above forms of protector, tbe plates are liable 
to make contact after a discharge, owing to the metal fusing, or 
tbe carbon dnst falling between tbe platesn Consequently an 
earth fault may occur after a discharge, and must be removed 
by separating tbe plates and wiping them. 

Care should be taken that only one mica disc is used with 
each discharger. 

5. The ‘^discharger, lightning, bobbin, Mark I*’ is used Bbcbarger, 
with most of the service field pattern instruments, and consists h'gbtmng, 
of a metal reel — (see Fig. 3) — on which are wound a few turns 
of silk-covered wire. Tb« wu*e forms a portion of tbe line * 


Fia. 3. — Biscbargi^r, Liglitniug Bobbin, Mark I, 


circuit. Tbe bobbin is connected to earth by being screwed 
on to an earthed plate, fox^ming part of the set with which it is 
used. A lightning dischaxge will break through the insula- 
tion to earth, and may even fuse the wire and thus put tbe line 
to earth and disconnect tbe instrument. This discharger is 
very efficient, and also very compact, but has the disadvantage 
of usually putting a fault on the line when it acts. It is, 
however, very easily replaced ; a spax^ bobbin is always 
supplied, and also a x'eei of wire for rewinding. The wire used 
is known as “Wire, electric, WB’’; 52 inches are wound on 
each bobbin. 

6. The “ discharger, lightning, vacuum, Mark I ” consists of I>iaobwger% 
two wires sealed into an exhausted glass bulb, with their ends lightning, 
about inch apart. One wire is connected to line and one 
to earth. These dischargers are very efficient, hiU> expensive * 
both in fii'st cost and in maintenance. They are usually 
destroyed when a discharge takes place. They are nfrsd with ^ - 

“Boxes, Test, Pole, E (Vol. 11), where dust or moisture 
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also be used witb 
Great r 

the glass tube. 
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about a month, and also after 
Yenient at these tests to I’era 
the headquarters of the per 
protectors previously tested, 

7. “Coils induction, fo 


[chap. xvrf. 

. on plate dischargers. They can 

Boxes, ebonite, batten.'' 

care must be exercised when fixing them not to strain 

j tested, at" regular '".intervals' 'of 
heavy storms. It is most con- 
3move the whole of the protectors to 
terson testing, and replace them by 

for testinj 

chargers, are provided for testing, x 
large Leclanche cell (e.g.. A, Mark HI, 
ance. The adjustment of -the contact-breaker 
tnat when the contact ' ‘ L • - 

armature may be practically paraliel with tbe end 
and at a distance from it of about ' 

The contact point being n ' 
wire, about inches lonsr, r 

wllC _JL _ , .. . ■- HJJ WX4.C. KJU.U. UiS 

by tlie left hand 

terminal so that Its point . < . - - 

face of the block of the 
series of sparks should then i 
block when the key is depressed 

® mf • , of the spark Should 

exceed g inch. The length of the spark can r( 

^yvarying the length of the conductors used to connect the 

To test a protector, it is fitted across the secondary 

blu^^Sow b! ^^?y .'^®P’’essed, when a steady 

glow in the tube shows that it is in good order The test 

“ 1 ”? 

the\ub^ glow, or if sparking appears in the protector, 

SL .i! ^ *^ated as fanlty. If the coil is in use for 

rtL^dl 


Testing 

vacuum 

dischargers. 


g vacuum lightning dis- 
The coil is worked by one 
or Dry A) of low resist- 

should be such 

point is ^^thdrawn the face of the 

1 of the coil, 

inch. 

■eplaced, apiece of stiff bare copper 
, and pointed by the end being nipped 

--- 1 secondary 

nay be f inch from the centre of the 
right-hand terminal. A continuous 
pass between the point and the 
This will insure the coil 
[not much 
'eadily be adjusted 


Protection 

8.^ Where telegi^aph or 1^. 
crossing electric power circuits, e.g., eh 
there is tlie possibility of current from 
to the wires, either by leakage, or by 
broken wires. These currentfs 
even in some cases start a fire. 

,, Lightning discharges afford 
. ^ currents “ fuzes " and heat coils 
J. I he fuze, tube, 2-incb (Pi 
platmnrm wire, about 5 mils thick and .. 
tamed m an insulated tube of glass or fibre 


against Power Gircuits. 

telephone wires run close to or 
setrio tram trolley wires, 
such circuits getting on 
^ direct contact owing to 
may damage Instrumeots, or 

no protection against such 
eeils ’-are used. 

'ig. 4), consists of a thin 
1 2 inches long, con- 
When a corrent 



flnsulation 


S’!©. 5. Heat Coil, About tbree times full size. 

10. The fi 2 z», tube, 2«incb, protects tlie instruments from a 
strong current, but a current that would be strong eiiouo*b to 
damage the instruments if long co&inued might still not fuze 
the wim Protection is provided to meet this casq^y Heat 
coils, A, which conpsts of metal cjlinder, A (Kg, 5), on 
whmh is wound a coil of fine insulated wire, B, to a x^sistanoe 
of 25 ohms. One end of the coil is soldered to A, -while the 


Elevation. 


Section. 

EiO, 4. Puze, Tube, 2-inch. Full size. 


“dischargers, Hghtaiiig, D,” “links 
cut ont, insulators, porcelain, fuze, Mark II/' 


^ Fuzes, tube, 2-inch, with wire extension,” are used with 
imulators, porcelain, fuze, Mark I (see Yol. II). Thev are 
Similar to the fuzes, tube, 2-inch, but have 15 inches of tinned 
copper wire attached to each terminal cap. 


Insulalion 
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^ •2|- ampwes, or orer, passes, the wire melts and diseonnects 

S;/? IC— • ^ cap at each end to 

i^hicli the -mure is soldered, and these make contact wnth the 

spring clips of the “ cut ont.” If the fuze cannot be otherwise 
readily remoTed from the clips, slide it sideways till the ends 
are clew of the clips, when it can easily be liftel The fuze is 
replaced by being pressed straight into position. 
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which % wound a coil of fine insulated wire, B, to a- resistance 
ot 2o ohms. One end of the coil is soldered to A, while the 
other IS led through to the grooved piece, 0, which is insulated 
from, the bobbin. A J-shaped piece, E, is soldered to the 
inside ot the cylinder with a special so.ft solder, D, The heat 
^ 131 circuit between ttvo German silver snrino’s 

whicli tend to pull the pin, E, away from the coil. The coif is 
suiToundecl by fibre. When a current passes through the coil 
(which is in the hue circuit), the solder is heated, and it is so 
arranged that a current of about 250 milliamperes will release 
i"n seconds, while a continuous current of 

JOU— ibO milliamperes will not release the pin, even after 
several hours. . 

Heat coils, A, ai’e used with discharo-ws IlrrEfn,',,™ « n ” 


FUXC,TUBE E 


INST RU MEM T 


CAF^BOt 

Eiu. 6. — Discliarger, Lightning, D. 

ft ,, 

chargers, lightriing, D combine “Heat coils ^ 
J-inch, J-nd a small carbon plate discharger, and 
am ii ig. b. They are mounted in pairs on a porce- 
j-ue carbon discharger consists of two small 
arbon plates held by a spring clip, and separated 
ed mica sheet. One of the carbon plates has 


IttMTMl 



LIGHTNING DISCHAHGEES. 


239 


CHAP* XTIL] 

a small pksg of easilj fazible alloy in its face, wliicb on 
a* heavy discharge taking pJace, or an arc starting, melts, and 
by connecting the ydates puts the line straight to earth. 

12. Similar dischargers can also be specially obtj^ined Special 
mounted on strips for any number of lines, and are so provided 

on somejiest or cross connecting boards, see Chap- XYIII. When 
the complete protection given by dischargers, D, is not 
required, e.y., when there is a length of underground work 
with a pole test box containing lightning dischargers, special 
protectors can be obtained having fuzes only, or fuzes and 
heat coils. These patterns are not vocabalaiy stores. 

13. Where the circuits are entirely underground, dischargers Underground 
are unnecessarj’. Where cii'cuits o-re partly overhead and circuits, 
partly underground, protec^on should be given at the junction 

between overhead and underground work, see Vol. 11. 

^ 14. In all cases the lightning dischargers^ and fuzes {if these are Position of 
reqtiired) should he placed as near the leading in point of the wires ligiifening 
as possible. dischargers. 

15. When a fuze is found to have acted, no attempt must be Uenewal of 
made to I’enew it until it has been ascertained that no fuzes 
source of dangerous current remains in contact with the line 

■•■wire..;' '•;■, • • 

The readiest means of doing this in the case of a fnze 
is to connect a piece of stout insulated wme to earth, and 
apply the free end to the line wire on the power circuit side 
of the fuze. A fuze must be inserted in the test wire as a 
precaution. 
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CHAPTER XVIII 

arrangement oe telegraph OPEIOES 

• TESTING ACCESSORIES 


rm t;: v'iVAcx 111 jtu j 

oftce. These will, as far as possible, be m 
that every lumber of the Army Telegraph 
at once the^angements of any office of 
cnarge. Jl|& 

All iusir^mts in the office, whether 
kept in perfee^l Iferking order 

In tempoi^ offices all leads will be 
other, be stapipd down, clearly 
every circuit ma^ be ja«ly traced 

faults and causes of inefficient working 

(1) Bad Barths. — No trouble 
ing to make the office earth as i 
most places the Service pattern earth 
mmper-hole deep enough to take it i 
thoronghlj watered, proyides a ^ood earth » hni 

zl'r •” • *•'*« i>»nrbiv 

meta of any sort that is proeu ” “ 

should be paid to the earth at 
several circuits, and it is a good 
a bare wire to the source of w^ater 

1 x,[- .^ghining Brotector 

bobbin lightning protector i| v( 
sensitive, and is liable to cause an e 
ipsulation of the wire burning thro 
bghtning pi: catting through from i 

detected by testing them, and easi 
can be rewound. 


in use or not, will be 

_ run clear of each 
marked and visible, so that 

- . to date, 

specially liable to the following 

should be spared in endeavonr- 
nearly perfect as possible. In 
--1 pipe, it: inserted in a 
up to its head, and kept 

sometimes it 
larger mass of 
Particular attention 
ffices which contain 
1 such cases to run 


'Common 

..faults. 


pattern of 
somewhat 


as the bobbins 
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^ (3) L 00 R& connect icms are 
faults and give macli ti'oable, 

(4) Dirty contacts give 
indifferent protection of insi 
Constant care is necessar;yr to keep the 
to protect them as far as possible. 

(p) Local hatteries exhaust qaicklj if the relay is not kenf 
correc ly adjusted, i.e., with the tongue, when at r^t, irlS 
Snit spacing stop and not against the markino- ston 
Shght incorrect adjustment of the relay in this dh-eetion does 
hsH current worsing, affect the signals until the local 

battery becomes exhausted. The reason ti this is thL tS 
current put on the line by a distant office, when it puts its kev 
switch to “ send,” will hringihe tongue of the reKvL to the 
spacing stop. I he fanlty adjustment is, therefore, frequently 
Stiy!"'’^ permanent damage has been done ^to the 

(6) Batteries become exhausted through being allowed to 
rest on damp ground or the battery boxes beinf allowS to 
remain wet in damp weather. 

_ 3 . Every telegraph office which has more than one set of 

instruments in circuit, or more than one L'ne 1 — j: . ■, 


source of intermittent 
^ ihey are easily guarded against, 
much trouble and result from 
fcruments from dust and weather. 

instruments clean and 


purposes. 

(6) The office earth lead. 

(a) The sets of instruments in the office, .so that they mav 
be connected to the lines and earth as required. ^ 

’iglitaing dischargers and battery 

leads also are often fixed on the test box. 

porized^^^^^^*^ available, a test box can easily be extern- 

4. The form of test box adopted in the Service for -rtcr^ n 
is the comnantator telegraph, 6-Iine, Mark II, shown in ilg. 1 . 

• marked 1, 2, 3, 4, 5, 6, cross, at right angles 

SIX other bars lettered _A,-B, 0, D, E, F. Each bar is separated 
from the bars next to it by an air space, and the nppei- set of 
bars IS also separated from the lower set of bars by an air space 
ttieTower ba npper bars above corresponding holL in 

Six metal plugs are provided, and by inserting these in the 
holes, any one of the upper bars maybe connected to any one 
of the lowor bars as desired. 

_ Each of the upper (nurnbored) bars is provided witPa bind- 

ing screw, bj means of which a wire can be secared to it. The 

lower (lettered) bars are provided with binding screws at each * 

holes to take the plugs. 
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• 

Tke smaller holes are simply holes in which plugi^ rest when 
not in use. ^ The larger holes are bored through the wood base 
into an additional metal bar, shown dotted, which runs parallel 
to tilie numbered bars but underneath the wood base. This bar 
is permanently connected to anotbei; metal bar, The Earth 
Bar/’ which runsialong the ends of the upper (numbered) bars. 
Therefore, by inserting plugs in the larger holes in the low^er 
(lettered) bars, those bars are connected to the earth bar. 
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6. Di%ram “A’’ shows the ‘‘2nd Glass Office” set of2»dclM« 
instruments connected up for a terminal office. When con- o®ce. 
nectecl as here shown, the office is ready to work with both the 
double-current ^ set and the vibrator set simultaneously^ thus 
diplexing the line. Th#S?iell can be brought in circuit so that it 

will be*rung by the local battery whenever tSe relay is closed by 
the current from another office on the line. By alterations of » 
the plugs on the commutator, and without disconnedting any 
leads, the line can be disconnected or earthed, the double-current 
set can be disconnected, short-circuited, or reversed, and all 
ordinary tests can be carried out. 

Diagram “ B” shows the “2nd Class Office set of instru- 
ments connected up in the normal method for an intermediate 
■office. „ .. ■ '* 

The separator, connected as shown in the diagram, provides 
a path, free from any choking coils, for vibrator signals passing 
through the office (see also Chap. XYj, para. 23). 

Any alteration in the circuits can, as at the terminal office, 
be made by altering the position of the plugs of the com- 
mutator. 

7. Diagram “ C ” shows the arrangement of two commutators I^er (Mm. 
in use at an office with six lines and five sets of instriiments in 

circuit : — 


On Xo. 1 line... 

On Xos, 2 and 3 lines. 

On No. 4 line... 


... Duplex set, terminal, 
s... Double-current set, intermediate, 
r Double-current set, terminal. 

[ Vibrator set, terminal. 


^ 1 Vibrator set, intermediate, 

which are put through j ’ 

8. Diagram “ D ’’ shows the arrangement usually made at < 
the base office on a field cable telegraph system where each line 
has its own vibrator set. 

Where there is not much traffic on the lines, two or more 
can be bunched, by means of the commutator, on to one vibrator, 
so that some of the clerks may rest. Distant offices can, when 
required, be put through to each other direct, Jf this is done, 
(;are should be taken to* keep a telephone or a vibrator set in 
leak, on the through line, to ascertain that the through com- 
munication has been established, and when it is no longer 
required. Frequently it will not be possible, owing to the 
combined length of cable, to establish direct communication 
between distant’ offices, although these offices can both com- 
municate satisfactorily with the basi§ office. 

^ In the arrangements of all telegraph offices it is most 
important to remember that each mhmtor set its ovm 

earth (as is shown in diagrams)# This earth should he as^far as 
possible from every other earth, or there will he interference from 
other circuits. .* 
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To these doors are fixed terminals, fitted witli pi*ns -ff incK 
by I inch, which project through to the back of the doors. 
All leads from lines, batteries, and instruments, are soldered to 
these 'pins at the back, and slaould also be fixed by one staple 
to prevent any chance of a sudden ja»f«illing them off the pins. 
The fronts of the doors are left clear for connections between 
*the terminals. It is important that resin and not soldering 
solution should be used in making these connections. 

The left panel, “ A,’’ is used for connecting the various sets 
of instruments to their batteries ; the right panel, “B/’ for 
connecting instruments to lines. 

In panel A the terminals are arranged in four vertical, and 
12 horizontal rows, all at 2-mch interval, with the addition of 
two extra terminals between the fofirth and fifth, and eighth 
and ninth rows. These extra terminals are also at 2-inch 
interval from the adjacent rows, diagonally, they are marked* 
“ E ” in the diagram, and are connected together at the back 
by horizontal straps. 

Panel A is provided with 24 brass links, which fit under the 
milled heads of the terminals, for making cross connections. 
In a make-shift box pieces of stout copper wire may bo sub- 
stituted for these. 

The two vertical lines of terminals on the left are for 
joining instruments to their main batteries, the two on the 
right to their local batteries (see Fig. 3). Thus the panel as 
shown will take six sets of instruments. 

Panel B carries five vertical and 14 horizontal rows of 
terminals set at 2-inch intervals throughout. The fourth and 
eleventh rows are joined together by straps at the back for 
earths. Brass links similar to those before described are 
provided. 

Bach vertical row is used in two separate groups of seven 
terminals, the seven being allotted thus : — 

1. Up Line; 2. Instrument; 3. Instrument; 4. Barth; 
5. Instrument ; 6. Instrument ; 7. Down Line. Thus the 
panel can carry 10 up lines and 1 0 down lines. 

(1) The top half of column shows the normal 

arrangement fora terminal office (see also Fig. 3). The line 
comes in at back of top terminal, which is joined by link to 
second, whose back goes to instrument. Tiie other lead from 
instrument comes to back of third terminal, and is joined by 
brass link to fourth terminal, wffiich is earth. Fifth, sixth, and 
seventh terminals are not used. * ^ 

(2) In the top half of column “b*^ is an intermediate 
office. Here the third terniinal is joined by a lead to the 
seventh, or down line terminal, instead of by strap to them. 

(3) In tiie*ljbttom half of columns a” and “ b two down 
lines are"* looped, for testing at another office. 

(4) In the bottom half of columns “o’’ and “ d two sets 
- of instruments are “ crossed ” om their respective lines. 
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Fig. 4) consists of a galvanometer with a vertical iienBclle. The 
resistance is 200 ohms, and a cui’rent of 3 Tnilliamperes will 
give a deflection of 20 to 30 degrees. Below the galvano- 
meter is a switch, consisting of four brass quadrants and a 
brass ring, all insulated from eacl^ ^ther, and connected as 
shown in the figt®:*e. The four terminals 0, G, E, and Z, are 
at the back of the galvanometer, 0 and Z are connected to 
copper and zinc of a testing battery, and E to eai^th. The 
three large terminals are for connecting the lines to be tCvSted. 

The galvanometer is used as follows : — 

(a) To send a zinc (or — ve) current to line, join line to 
right hand terminal and plug Z to G, and C to earth. 

(h) To send a copper (or + ve) current to line, join line to 
right hand terminal and plug C to Cl, and Z to earth. 

(c) To receive a current from an earthed line, join line to 

lught hand terminal and G to earth. 

(d) To observe a current on a through wire, connect lines 

to right hand and centre terminals, and remove all 
plugs. ■ ■■ 

(e) To test for contact, join lines to outer terminals and 

plug X to Z, and C to G, or if lines are also earthy, 
plug X to Z, and C and G to earth. 

See also Chap. XIX, paras. 4—6. 

Telephone Test Boxes, 

12. There is now no sealed pattern of telephone test-box, 
but boxes will in future he supplied to meet the requirements 
of each case. The types described below may he taken as 
typical of those likely to be met with. 

13. The pattern formally sealed as “ box test telephone ” 
was supplied for multiples of 20 wires (10 metallic circuits), 
with a maximum of 120 wires. This box is suitable for use 
with small exchanges where special protection from lightning, 
or from power circuits, is not required. 

Part of a test box strip is shown in elevation and 
section in Fig, h* (A 120 wire box is 34" X 22" x irx 
size.) X 

Each strip consists of a base plate of sheet bi-ass, B, up)>n 
each edge of which is fixed a batten of ebonite, 0 and S. 
(Each strip consists of one, two, or three sections). 

Upon ebonite batten, 0, are fitted 10 pairs of springs, Li, Lg, 
which normally rest upon points projecting |i*om the brass 
plates, Zi, Zs, fitted upon the channelled ebonite strip, S. To 
the springs, Lj, La, are collected the switchboard wires, and 
to the contacts, Zi, Za, are connected the line wires. The test 
strips slid/?i ii?H?acks in the cabinet in which they are enclosed, 
so th ah they are easily I'emovable, and are made up in sections 
of inetallic (20 wijres) ; each pair of lines occupies ^ 
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The wires are soldered on to the tags, D, d. Actually th/3 
tag is led back so that its end lies near D on the same side of 
the strip. At the top and bottom ends of the cabinet are two 
holes'* each, through which the line leads and switchboard leads 
are brought. Connected to a testing'^ielephone set by a twin 
flexible conductor^ is a ping, K. On the ebonite body of the 
plug are four brass strips, Lj, Lg and Zi, Li and Zi are 
electricaSlly connected, and so are Lg and Zg, by means of the 
small screws, “ B.” 

The insertion of the peg K between L and Z of a metallic 
circuit between the projections on Zi, Z 2 , places the testing 
telephone in bridge across the line without affecting the 
normal connections at all. A second test peg, Zu, with two 
brass strips on one side only is also provided. The two strips 
are connected by a flexible twin conductor to the right and 
left terminals of a test box galvanometer, or testing telephone. 
By means of this peg, either the exteimal or the switchboard 
circuits can be tested. 

Protection against lightning is afforded by earthing the 
brass sheet, B, and joining the contacts, Z, to metal strips, P, 
these strips being insulated from B by perforated mica strips. 
Q is a brass ribbon soldered to P and to Z. 

14. The U -link test boards are now very generally used by 
the Gr.P.O, They are more compact and convenient than the 
old description of board, which becomes somewhat unmanage- 
able when a large number of wires have to he dealt with. 

The following description applies to a test board fitted 
in some Garrison "Exchanges by the G.P.O. at home stations. 
See Fig. 6. 

In the upper half of the hoard are two panels of ebonite, 
in each of which are 25 pairs of JJ -shaped metal links. Each 
pair of links is associated with four sockets, which are sunk in 
the ebonite panel; the extremities of the tubular sockets 
project from 1|- inches to inches from the back face of the 
panel. The Q links are placed in the sockets so that the 
plane of the link is vertical. Each area, including four 
sockets and their two links, is numbered, and as there are 50 
such areas, and each serves one pair of leads (A and B), the 
board accommodates 50 metallic circuits. 

In the lower half of the board are six long ebonite battens 
and eight short ones. These are arranged in pairs, so that 
there are three pairs of long and four of short battens. Each 
long pair contains 10 sets off tags, and each- short pair fiive 
sets. Each set numbers 16' tags. The connections of one set 
only are shown. 

' The line wires (A and B) are soldered on to the two 
tags, W, a^d*^.;he two exchange wires (A and B) are similarly 
soldered to the two tags, ZI. The two tags, X, and the two 
tags, Y, are connected by permanent leads to the lower and 
upper pair of sockets respectively, of the set corresponding. 
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WX YZ are not coni' inuous brass strips, but have 
breaks iu the space between the bittens, bridged across bj 
wires, Q! These wires are soldered to the inner extremities 
of the tags, and can, if necessary, be removed by melting the 
sohier. «• * . 

The jpourse of the circuit is now as follovs^s: — Line wires to 
tags, W, through cross-connecting wires, Q, to tags, X, hence 
to lower sockets, 1, through \J links to tags, Y, through Q to 
tags, Z, and then to the switchboard. 

By removing the U links the lines are disconnected, and 
by means of plugs and flexible leads either the line or switch- 
board side can be connected to a testing telephone, or to a test 
box galvanometer (para. 11), or to earth. The^ wires, Q, are 
normally joined straight acwss as shown, but if for any reason 
it is desired to connect a line to a. different exchange number it 
C|bn be done by altering the connections, Q, without rearranging 
the leading in wires or the cables from the test board to the 
exchange.'^ Such a cross might be required if an office^ con- 
nected to the exchange was moved, and the lines came in by 
a new route, while it was desirable for the office to still retain 
its old number on the switchboard. 

Temporary crosses of this nature could, of course, be made 
by removing the U and connecting on the face of the 

board with flexible leads. 

Protection from lightning is afforded by circular carton 
dischargers (dischargers, lightning, circular, Mark II) whic 
are fixed to the two lower sockets of a set or tour (an 

The space being limited, the dischargers are arranged as 
shown in Fig. 7, the shank of one socket being f inch longer 
than that of the other in order that the dischargers may clear 

each other. , , . , , 

The carbon plate next the ebonite panel is mounted on a 
screwed spindle, which screws into the socket. Ihe other 
carbon plate, separated from the first by the usual mica disc, 
is held in place by the metal spring, which at its other end is 

secured to the eai‘th bar. . j 

If prorection from power circuits is also required, dis- 
chargers, lighting, D, or similar protection must bo provided 
separately, and should be placed in the line wires before they 
reLh the test- board, and as near the point of entry into the 

liter pattern Post Office test-boards tbe con- 
nectioiis are sltghdy different, as shown in I»g- 8, and apatte . 
smaller lightning discharger, siiudar^ to the plate discharger 
part of ‘‘disoha.gers, lightning, D,” is plwed on the ebomt^e 

Lip, as marked LD in Pig. 8.^ ^In this pattern each panel has 

room for 40 circuits instead of 25. , ^ 

The Post Office practice in the newest installations xs to 

separate the protecting deviceg from the test board, and place 
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tlie former as near as possible to the point of mitiy of the 
wires into the building. "" 


A.Imstp^ument. 


B.Instrumen 


s 16. A pattern of test board, also called a cross-connecting 
frame, has been provided for some of the larger military 
exchanges, and is largely used in civil exchanges and by the 
Post Office in some of the principal telegraph offices. "This 
board consists of an iron fi*amew'ork ; the height and length 
depend on the number of circuits. On the one side are 
hoiizontal rows of spring jacks, similar to those of a tele- 
phone exchange, to the tags of which the incoming wdres 
are soldered, in what may be termed geographical order, i,e., 
in the order which allows the neatest arrangement of the 
leading-in wires. On the other side of the frame are vertical 
rows of lightning dischargers, heat coils, and fuses, similar 
to ‘‘dischargers, lightning, D,*’ only mounted on strips and 
having tags instead of terminals. To the instrument side of 
these dischargers are soldered the wires leading to the switch- 
boa^, these wires being made up into suitable cables. The 
horizontal and vertical strips are connected by single or twin 
conductors, as required. This arrangement enables any line 
wire to be connected to any number on the switchboard without 
interfering with the leading-in^wires or internal cabling. 

By means of suitable plugs the lines can*be disconnected 
and tested at the spring Jac^s on the horizontal strips. 

If the complete protection given by the “ D ” type of dis- 
charger is nqt required, simpler dischargers can he fitted. 

Pole lest-boxes for use where aerial and underground 
lines join, and test-boxes for underground work in fortresses, 
&e., are dealt with in Voi II. 
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1. Fanits frequently comnieiice as slight defects -wIbcIi will Objects of 
not at once appreciably affect the working, bat will gradually necessity 
increase till the cirotiifc is altogether interrapted. These 

defects can he detected by suitable tests, and can then often 
be removed before they have interfered with the -^vorking of 
the circuits. It is, therefore, desirable to make carefol 
periodical tests of all circuits. In permanent systems much 
3 hore elaborate and S 3 nstematic tests can be made than on 
temporary field lines, but systematic and regular tests should 
always be carried out as far as the circumstances permit. 

2. The faults that may interfere with the working of al'atureof 

circuit may be divided into the following classes ; — fanite. 

(i) A break or disconnecbion in the conductor of the 

circuit; this may be either partial, owing to high 
resistance at joints in the condnctor, or complete. 

The effect of this nature of fault is to increase the 
resistance of the circuit. 

(ii) A break in the insulation of the circuit, causing a 

portion of the circuit to he shunted through a 
greater or less resistance. The effect of this is to 
lower the resistance of the circuit as measured from 
one end, but it prevents to a greater or less extent 
the cuiTent fiowdng round its proper path. 

Examples : A leak to earth on an earthed tele- 
graph circuit, a contact between two wires that 
should not be in contact. 

(ill) A defect in the battery. 

(iv) A defect in adjustment of an instrument. 

(v) A mechanical defect in an instrument. 

Two or more of these faults may occur together. '' 

Faults (iv) and (v) can often he discovered by inspection; 
methods of testing for these depend on the type of instru- 
ment. * 

Tests for batteries are given In Chap. XX, para. 27. 

Testing for faults (i) and (ii) resolves itself into ascer- 
■taining whether the resistance betVeen two points that should 
he connected elechically is not too laige, and that the 
resistance between two points that should noi^^be Connected 
is not too small (except for long lines this resistance should be f- 

so large that it appears to he infinite except when measured 

. ; .V ‘ , m ' 
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witli very sensitive instruments) ; ttus ail testf for these 
faults consist in more or less accurately measuring I'eslstaiices. 

Accurate methods of measuring resistances are given in 
Chap. XX, and these methods should be used when circum. 
stances allow, and the results con^^ed with what is known 
to be correct. « 

3. The simplest tests of the above nature do not involve 
actual jneasurement. They are made with a battery and 
galvanometer connected up as shown in Fig. 1, where ACB 
is the portion of the circnit to be tested. If the circuit is 
complete a current will How, and if the battery and galvano- 
meter ai’e suitable for the particular case the galvanometer 


If we know what the deflection should be in any particular 
case, and we get that deflection, the circuit is probably correct. 
If we get too large a deflection the resistance of the circuit 
ACB is too low, which means a portion of the circuit is short 
circuited, e.^., on a circuit with an earth return, by a leak to 
earth. If we get too small a deflection the resistance is too 
high, which means a broken wire, loose terminal, or bad joint, 
&Q. It would, of course, be possible for a partial disconnection 
and an earth fault to neutralize each other as far as such a 
test is concerned, but this rarely happens. 

The following simple tests can be made with a galvanometer 
and battery. The test box gal vanometer (Chap. XVIII, para. 11) 
is specially arranged for carrying out these tests quickly, but 
the Galvanometer detector,” and the “ Galvanometer, single 
and duplex,” are also suitable and are more often available. 

4. I’o test for an earth fault, disconnect the line at the far 

end, connect a battery and galvanometer as vshown in Pig. 2. 
If the line is clear there should be no deflection. If there is 
a deflection disconnect the line at any intermediate test point, P, 
that is available; if the line now tests cle^r the fault is 
beyond F . By this means a fault can be localized between two 
test points, ^ 

5. To test for a disconnection, connect galvanometer and 
■"■■battery ■a| inJig. 2, and earth the line at'the'Tar''' ehd;^'^''''^''^H' 
line ia^clear the galvanometer should deflect. If no deflection 
is obtained, the fault can be localized by earthing the line at 
intermediate points. 
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l"iG. 3. — Test for contact. 


7. Before commencing to make a test it is necessary to Brmiutions 
consider vvLat instnimeiits are required, and what resalts it is testing, 
expected to obtain with these instraments. 

Always make sure that the testing apparatus is in good 
order beibre proceeding to test.^ 

In connecting np a circuit containing a battery and key, 
always connect one terminal of the battery to the key before 
making any other connection. This is to avoid accidentally 
short circuiting the battery. 

After connecting np and before depressing the key, trace 
the circuit through from one pole of tlie battery to the other. 

Fever keep a key depressed or a circuit completed for 
a longer period than necessary, especially if, the circuit be of 
low resistance. By not attending to this the battery may be 
exhausted, and^the coils of th«8 testing instraiiients may bo 
damaged by being heated (see Chap. I, pam. 26). 

8. It slioukl be remembered that an aBsenee of deflection on a galtano- Galvanometeir 
meter does not necessarily mean an absence of current, but only that tlm for iestlng.' 


♦ In testing, as indicated in i'ig. 1, this is prored by toneliing A ami B 
together, when a deflection should be obiained. * 

. (1258) ' E , 
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6. To test for eontact between two lines, dismnneat i he .Simile t«t 
’iiiies at the far end and connect the galvanometer and battery h>r contact, 
as shoot'll ill Fig. 3. I£ the lines are clear thei'e will he no 
deflection. If there is a deflection the fault can he loc;iiiize»l 
by disconnecting the lines at intermediate pcfints. If the eait’h 
connection shown in ilg.'o be omitted, an |;artli fault on both 
lines will give a deflection, even though the lines be not in 
^ contact.. . . . ■ , , 


Fig. 2. — IVst for earth fault or disconnection. 
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current is%ot strong enough to moTe the needle ; also that if a low resistance, 
such as a short length of wire, be tested with a high resistance ga^Tanometer, 
the resistance of the wire may be considerably higher than it should he, 
without much reducing the current or deflection, and thus give misleading 
results. ^ For example, if a bobbin lightning discharger were being tested for 
continuity with the “I” coil of the detector, the resistance of the circuit 
would be 100 ohms for the galvanometer anctaltout ’2 ohm for the bobbin. 
If the battery used weHllf were one good Leclanehe cell, wiih a resistance of 

♦1 ohm, the current would he ampere, i,e,j *01491 ampere; if, how- 

ever, the resistance of the bobbin were 2 ohms, or 10 times too large, the 
current would only be reduced to *0147 ampere, which would have no appre- 
ciable effect on the deflection. Suppose, however, instead of the ‘‘I ’’ coil, 
the ‘‘ Q ” coil (with a resistance of *2 ohm) were used, the current with a 

correct bobbin would be amperes, or 3 amperes, but with the bobbin 

Imving a resistance of 2 ohms, the current w^ulcl be only or *45 ampere, 

a difference that would be very clearly marked. Thus we sec that for 
testing a low resistance we must use a low resistance galvanometer. * 

On the other liand, if we were testing the insulation resistance of the 
bobbin, nc., the resistance between the wire on the bobbin and the metal 
bobbin itself, the “ Q” coil might give very misleading results. Tbe resist - 
-anee should be many thousand ohms, but if it were only 100 ohms (which 
might be low enough to entirely stop the working of a circuit), the cell used 

above and the “ Q ” coil would give a current of or *0149 ampere, 

which would give no deflection, or a very small one, while, if the I ** coil 
were used, though tbe current is then only ampere, or 0*007 ampere, the 

deflection would be 20 or more, owing to the larger number of turns of wire 
on the galvanometer coil. Thus we see that for testing a high resistance a 
galvanometer of high resistance should be used, as the incjvased resistance 
does not matter and the galvanometer is more sensitive. 

Battery for 9. The battery for the above tests for continuity should be 
imifiag. such as to give a deflection of at least when A and B 
(Fig. 1) are connected together ; and for insulation testing the 
battery should be at least sufficient to give a full deflection 
when A and B are connected. 
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A detailed description of the abore sjstem of tests is 

ontside tiie scope of this book, but the general principle of 
periodfca! tests of lines, batteries, and apparatus is one which 
can be applied with advantage to most systems, h^Qwever 
roughly organized and jjoorly equipped. 

12^ Absolutely accurate results are a role neither Acmmcj 
possible nor essential tinder military conditions and with the testa, 
apparatus likely to be available, but valuable co^aparative* 
figures as to insulation can be obtained, as described above, 
with the apparatus on an ordinary telegraph circuit. It must 
be borne in mind that from the military point of view there are 
serious objections to any daily or periodical system of testing 
which involves interference vv'ith connections of instruments for 
any length of time. 't ■ 

13. The following application of the simple tests described Mormag tMls 
in paras. 3 — 6 is recommended w^hen practicable for military op militaiy 
^iines: — ^ oirouit#. , 

For lines working D.C. simplex (baseboards simplex) the 
up ■etation of the circuit sends the signal CQ test,” at the 
time of testing which is detailed by the responsible officer. 

This is acknowledged by each other station sending in 
succession his call, and ‘‘ RT.” 

The up station then puts his switch to “send” for half 
a minute, and notes the defection of his galvanometer. All 
other stations simultaneously^ note the deflection of their 
galvanometers. At the end of the half minute the up station 
signals his reading, which is entered by the other stations. 

The remaining stations signal their readings in tarn, and 
they are similarly entered by all stations. 

The next station then puts his switch to “send” for half 
a minute, and the galvanometer readings are similarly- signalled 
and entered, and so on till all the stations have sent currants. 

The form on p. 260 has been filled in for six days as a guide, 
and also to show the advantage that may be derived from the 
system. The remarks column shows the conelasioris to be 
drawn from the figures. 

As all the readings shown in the above-mentioned tables are 
entered at each station on the circuit,, the state of the lines and 
batteries is at once evident to an officer visiting any station. ■ , , ' 

If time and circumstances permit, both spacing and marking ; ■ 
defiections may be noted ; this ensnres that the I).C. keys are 
making proper contacts. 

In dry countries, where insulation faults are of rare . ^ 

occurrence, a Sufficient test may be obtained by the head office 
receiving currents in succession from all stations, having first 
tested the ingulation of the line. * > .i-; < 

14. The procedure with S.G. working, where a galvanomefe S.O. cwmiK’' 

is ineluded ia the line, is similar to the above, dEly Ihe^ key is , . , 

held down for half a minute, instead of the switch being placed 

to “send.” ' , ' 

(12.58) * H 2 
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15 . Iij tlie case of circuits worked by direct sounder oFiiiker ’Mmet 
* witkotit separate galvanometer, this system o! testing is not 

applicable, but at the tioie for testing, calls slioiild o© inter* 
changed between all stations, and the battery power ecpalised 
as far as possible, so that the same adjustment of ins fcr aments 
will d® for receiving 'Iroiii all stations. *1*1118 is, of coiirse, 
impossible with any serious leak on the line. ^ 

16 . If woThed on coBtiniious current, calls should be interclMngpd every Ooatinmons 
half li3ur when the line is not woiking, as a main advantage of this system ciiiront 
is that ■warnin''*' is at once given of the line being cut, and to secure tins it is wonting, 
neeessarv tliat'^lie clerks should be eontmuallj on the alert. Furthermore, 

■ ' there is k teiidencv 'ivith this system, if powerful currents be employed, for ^ 

' tl'ie armatures to stick from the effects of residual raagnetism, and this must 
foe guarded against, or delay will, result. 

17 . In the case of vibrator circuits, a daily intercbauge_ of Jtotor 
calls will be sufficient, the strength of signal from each station circuiw.. 

’ being reported as very loud, loud, moderate, weak, or very 

weak,' and sent to other stations to be entered in a lorin similar , 
to that already given, in place of the deSectionxS tnere noted. 

For vibrator circuits on field cable for tactical purposes, see 

. also Chap. I, Yol. II. « . h ^ ‘a ' ■ 

18 . Under fairly permanent conditions conductivity ^ tests Oonduefantiy 

with a resistance bridge may be undertaken at suitable 

.intervals.,,'. . x u u 4.*i 

Under service conditions, repairs ar© apt be nastiij 

carried out, and a series of unsoldered joints may in course ot 
time raise the line resistance of a circuit by a very appreciable 
amount. The results of all such tests should be caretnlly 

recorded and preserved. ^ ^ n.nu 

19 . In large telegraph organisations the principle of ^division Eapouwiixty 
of labour has resulted in the separation of the^ clerical and ^ 
eno'ineering branches, but under military conditions this will 

usually be both inadYisable and impracticable; and the iele- 
graph master is held responsible for the detection and localisa- 
tion of all faults, for the actual removal of office faults, and 
for the maintenance of office connections and batteries in good - 

Oases may arise in war of extensive permanent telegraph 
eystems being seized and worked daring occapation of the 
enemy^s territory. In such cases the conditions may approxi- 
mate to those of a large civil administration, and the disfeine- , 
tion between clerical and engineering functions will be eToived 
almost automatically. It may, however, be ^cepted as a sound 
principle, that under all circumstances localisation teste should , ■ 

be made by the clerical staff. . ^ ' 

In the larger offices the latter would ^ cease to have , v. . 
responsibility for the maintenance of batteries and^instru- 
' meats; which duties would be carried out b/"ihe' engineering 

' , : , ■ ' It will be seen, then, that a sound knowledge ^of the _ ^ 
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principles of testing is a requisite of efficiency for aH military 
telegraphists. 

20. See that all contacts are clean and all connections 
tight.* Make sure that the main and local batteries are in 
good order, and that connections b^t^jeen cells are properly 
made. See that lijthtning dischargers are not causing'' earth, 
^especially after a" thunderstorm. With D.C. keys verify the 
switch connections. Test all local circuits. 

In the case of a disconnection in the compensation circuit of 
a duplex set, inspect the rheostat. 

Pay special attention to the adjustment of relays under the 
different conditions of working. 


xbe preven* 
tion of office 
faults. 


Localisation of Faults on Telegraph Circuits, 

Classification 21 , Faults on a circuit are either outside the office, when they 
of faults. are known as Line Faults, or inside it, when they are known as 
Office Faults. In an earthed circuit the earth is considered 
as part of the office. 

Faults may be classified as follows : — 

Line Faults , — (1) A leak, or breakdown of the insulation 
of the line, generally called an “ earth fault/^ either 
partial, or what is termed ‘‘ dead earth.*’ 

(2) A disconnection, ’or breakdown of the continuity of 
the line; this may also be either partial, owing to 
high resistance at one or more joints, or complete ;, 
and in the latter case the broken ends may or may 
not make connection with earth. 

( 8 ) A contact with some other line, intermittent, owing 
to the wires moving, or complete. 

Ofiee Faults , — Any of the three above-mentioned faults 
may occur in the internal connection of the office, 

(4) A delect in the battery. 

(5) A defect in an instrument. 

( 6 ) A defect in the adjustment of an instrument, due to 
inattention or carelessness, 

(7) A had earth, in earthed circuits. 

In a military system the Telegraph Master is normally solely 
responsible for the prevention, detection, and removal of office 
faults; in the case of Line Faults he is only responsible for 
their detection and report, and for assisting ^the Lineman 
by any information he can give as to their nature and 
locality, , ^ 

or ^ , 22 . Immediately on a breakdown occurring, the fault must 
kdow. 1)0 localised as 4 ar as possible. This is to a large extent done 
automaircally By the galvanometer of the telegraph set in use. 
An earth fault is shown by the normal deflection being 
exceeded. If the communication is still good to the next office 
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tlie fault .is beyond that office. A disconnection is .shown by 
’ the normal ileflectiou lieing diminished or cea.sin£C alto'ether. 

In this case ooTtvnnnieatian is interrupted all along the line, 
and no iletimte in.licatb.i is given as to ‘h'i Position.of the 
fault. If I he office js intermediate, the lelegraph JUstfei 
should ascertuin in which direction the %ialt lie.s, by 
earth on each bne in turn ; when earth i.s on the_ faulty line . i 
si--uals should be obtainable from the nest station on the sid# 
which is correct. If when calling a station during tins test the 
clerk sees his deflection suddenly increase, he_wul know ttiat 
it is one of tiie other stations putting earth against him tor the 
same test, and must wait till it is taken otf. , , , i. 

Unless the fault has been pro^'ed to be beyond the next 
office, the first thing ier the Telegraph Master to do is to 
asoertaiu whether tlie trouble is caused by a line or oftiee iivnlt, 

.t.e., to piov mneh in formation j* uiu 

arrangement that it is impossible to lay doiim bard and fast office fault., 
rules applioaole to all offices. The method described la 

applicabio to a 'dud class office (D.C. Simplex on ^ 

Vibrator, Separator, and Commutator) joined up ' 

Diacrram A, Chap. XVIII ; bat the principle.s involved are 

of the office, to ascertain, wlaether eartb, disconnection, o 
contact, exists in anj of the leads. See that all termiiia s are 

sciewed down tight on their leads. hi an 

Test 2.— Short circuit the two lines, or line and eaitb m an 
earthed circait, at the comrantator. With sw’itch to send, 
the galvanometer slionld dedect freely in both directions aa the 
kev is pressed and raised. 

' Eemove the short circuit piece. 

^l?his tests *■"'• 

(o) Continuity of sending portion, including leads to 

commutator. 

(6) Alain battery. . , i 

(c) Key (sending portion), _ galvanometer, and con 
tinnity of bobbin lightning discharger. 

This does not test the freedom from earth of the hghtnmg 
dischargers. 

And if a fault is observed it should be sought in these-— the 
most likely pkees are the ligi.tuing protectors, the contacts of 

Sif’-A— RemoSthe' battery jeads from C and Z tennmaJ^ 
and connect them, copper to 
terminal of baseboard. With switoh at « recede, 
meter should be dedected, and the relay anff sodnd,er should 

; 'Work. 

,-‘Bestore the leadsa ^ 
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♦ 

This tests : — -t 

(a) Contiiinity of receiving portion, 

(h) Local battery, 

• (c) Relay and sounder, 

(d) Key (receiving poi%i6«i), 

in addition to tlie instroments tested in Test 2. Tlie adjust- 
\aenfcs of the relay and sounder should be carefully looked to, in 
accordance wdth instructions ou pp. cSl and 63. 

Test 4. — Disconnect both lines (or line and earth) at the 
commutator, and disconnect the copper lead of the battery, 
from terminal C. Connect the copper lead through a detector 
direct to earth. There should be no deflection. 

Restore the leads. ♦ 

If a deflection, it shows there is an earth fault in the office. 
This must be looked for in detail, by tracing up the circuits 
from the Z terminal. Disconnect the zinc lead from the Z 
terminal and touch each instrument in turn with it, taking care 
to disconnect the instrument or part of the set already tested. 
When the deflection ceases the earth will be in the instrument 
last disconnected. 

Test b. — Go outside the office and examine the earth; see if 
it requires wetting, or if the lead is broken or loose on the 
terminal. When possible join the two lines (or line and the 
earth pipe) direct by a piece of wire, and repeat Test 2. 

24. If the office is proved correct the lineman should be 
warned to go out, and the Telegraph Master should give him as 
much information as possible as to the nature and locality of 
the fault. He must inform the lineman in wliich direction to 
go, and whether the fault is an earth, disconnection or contact. 
A contact is shown by the receipt of signals from the line in 
contact. Care must, liowever, be taken to look out for a case 
of mixed signals which sometimes occurs owing to an earth 
common to two cii'cuits being of too high a resistance, and the 
signals of one cii*cnit going to earth at the earth of the next 
office on the other circuit. 

It may very likely be possible to con-inue w^orking through 
a small leak or earth fiulb by increasing the battery power. 
Frequently the vibrator will work through a leak when the 
Morse fails. 

25. The nature of the assistance that the Telegraph Master 
can give the lineman depends on w'hether the latter is equipped 
with a portable telephone or not.^ 

If such is the case, careful attention should be given for his 
calls on the vibrator, and ari’angements can be made with him 
for disconnecting or earthing the line at suitable places to 
en^le tbe^ele^*aph Master to test to that place ; or his report 

be received when be has found and removed the fault. 

'1’'“ If no telephone is available, a current should be put on the 
through sgalmiomet^r, by means of a spare battery. 


If office 
^correct. 
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or the office set if at a terminal office. This current should he 
in the same direction as the working current, viz., copper to 
down, or zinc to up. This current enables the lineman to test 
witlf a detector as to whether he has passed the fault or not, 
and also, by the deflection or moveE^e?j.t of the galvanometer at 
the office, serves an indication of what is happening (see also 
YoL II, Chap. III). 

26. It may frequently happen in war that a line of poles 
carrying a number of circuits has to he worked by the Army 
Telegraphs. In this case there is generally, at least, one 
through wire, the traffic on which is of greater importance than 
that on the local lines. This through wire is led in to the 
offices which it passes for "testing. In .^iich cases the directions 
for testing emanate from the Head OfEce. 

3n the diagx'am of an imaginary line (Fig. 4), Pretoria is the 
Head Office. Three wires are showm, No. 1 a through wire, 
Pretoria to Durban, working Wheatstone ; No. 2 a through wire, 
Pretoria to Standertoii, working duplex ; No. 3 a local wire, 
working simplex, and divided at Standerton. 

If a fault occurs on No. 1 circuit, the procedure is as 
follows : — 

Telegraph Master Pretoria sends a service message to each 
office in turn, directing them to disconnect (or earth if the fault 
is a disconnection) for half, a minute. During this half minute 
he tests the line, and so is enabled to localise the fault between 
two offices. Let us assume that it is thus proved to be an eartb 
fault between Heidelberg and Slander ton. 

In this case the portion of the local line (No. 3) between 
these two places can be utilised for the important through line, 
the local work between Heidelberg and Standerton circulating 
in the meantime via Pretoria. 

Telegraph Master Pretoria, therefore, wires to Heidelberg 
and Standerton Cross Nos. land 3,*' and work on the through 
line continues. 

He then advises by wire : — 

1. Telegraph Officer in charge of the line. 

2. The Inspector in charge of the faulty portion. 

3. The linemen at Heidelberg and Standerton. 

“ No. 1 earth Heidelberg and Standerton section crossed to 
No. 3. D.A.T., inspector and linemen advised.*^ 


Localising 
faults on a 
through 
circuit. 


Telephone Circuits, ** 

27. Telephone circuits not lend themselves to routine 
tests in the same way as telegraph circuits, as the operators 
using seldom qualified to make, or assist in, electrical 

tests, ^ Where the circuits are concentrated, as at an exchange, 
and a qualified lineman is available, rough insulation tests 
should be made at regular intervals, if possible, daily. 


TMTim, 
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, All impt)rfcant military cirenits shoiaMj in any case, be calleLl 
up and tested by speaking o^er tbern, at stated intervals. This 
ensures a bad fault or breakdown being detected as early as 
possible^ and this test can be carried oat by anyone capaBle of 
using the tek^plione ai* all. In nsirig a telephone, speak 
distinctly and close into the transmitter, bat Eouot nKout; if the 
ciretiit is in good order a low distinct voice can be beard better 
tban a load voice. • 

28. Metallic cirenits can be tested 'without the assistance of 
a lineman at the far end, as follows : — 

(i) Connect battery and galvanometer as shown in Fig. 5, 
using a batteay of 20 ov more cells. If there is 
no considerable^ earth leakage there wdll be no 
deflection - 


(ii)* Connect battery and galvanometer as shown in 
Fig. 6s using a battery of hvo or three ceils with the 
test hoard galvanometer, or live or six cells with a 
^ ** galvanometer, single and duplex.” A deflection 

should be obtained. The defection will depend on 
the normal resistance of the line and pattern of tele- 
phone at the far end, as well as the galvanometer 
and battery used, and the battery power used should 
be selected to suit average of the lines to ba 
tested. A disconnection will show by a smaller 
deflection than normal, m by no deflection at alt, and 
a contact between the wires by a lai'ger deflection 
than normal. ^ ^ 


^ ♦ If theinitmmmiti containB a condenser so that there is not normally 

connection between its termiiais, this test for eontmmty is useless. 
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By means of suitable test; plugs and cords, these tests can 
be rapidly made at the exchange board or test boarc^ without 
removing wires from terminals. Such arrangements should be 
provided at all exchanges of any size. 

At large exchanges it is usualiy^de^irable to provide similar 
arrangements of test plugs and cords for accurate measurements 
of resistance. The above tests do not show w’-h ether a fault is 
in the Mne or instrument. 

If a lineman is available at the far office to disconnect or 
earth the lines, rough or accurate tests of the lines, without the 
instruments, can be taken in tlje same way as for telegraph 
circuits (see para. S). 

If test (i) above sh<5w^s an earth fault, an. idea of its 
position can be obtained by conmcting the galvanometer to 
each line in turn, and leaving the other line disconnected. 
The fault will be on the line showing the greatest deflectiop, 
and the greater the difference between the deflections the 
nearer the fault to the office. 

29. In the case of earthed circuits, the rough test with 
battery and galvanometer is only of value if "the normal 
deflection given, by the testing galvanometer and battery used, 
on that particular line is known ; and in any case this test will 
not give as valuable results as the tests given above for 
metallic circuits. If a lineman is present at tbe far end, tbe 
line should, of course, be disconnected or earthed by him, and 
the tests can then be made in the usual manner, and this is 
necessary for accurate results. 

When a lineman visits a telephone office, either in 
search of a fault or on ordinary maintenance work, he should 
always examine, and as far as possible test, the instruments. 
The following points should be attended to ; — 

(a) See that all terminals are tightly screwed up, and that 

the ends of tbe leads round the terminals are clean, 
and free from insulating material. 

(b) See that the insulation is not stripped too far from the ends 

of the leads, so that they are liable to make contact, 
and that the insulation has not been damaged by forcing 
wdres through holes in the backboard of the tele- 
phone, <S5C. 

(c) See that the leads have not been broken where bent, and, 

in the case of stranded conductors, that no strands 
are either broken off or sticking out, when they should 
be round the terminals. The cords rof the hand tele- 
phones should be specially examined. 

(d) Test the batteries with a detector if available ; in any 

case examine the batteries, refresh wet cells if neces- 
«wsary^ and see that the connections are clean and tight 
(see Chap. II, para. 32 e£ seg.). 

(e) Last thing before leaving, call up the distant office and 

make sure that the "Speaking is good; the lineman 


Line tests, 
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should not be satisfied bj just makiog fliisiself 
♦ heard. 

There are ■various siniple tests that can he applied to tele- 
phone inatrmnents to localise faults in them, or to asecftain 
whether a fault is in th#*iistmn}eDt or line. These tests varj 
slightlj*with different pjatterns of teiephoiies.taud are described 
for the service iiistniments in Chap. XII alter the description ^ 
of each tjpe of instriiiiient. • 

31. In addition to iiitermptions due to ordinaiT causes, 
telephone circuits (owing to the great sensitiveness of t Pe ’pi^oiie laiiit!*. 
telephone receiver) are liable to disturbances that have little ju* 
no effect oti telegraph, instruments, but result in noises in the 
receiver wdiicdi inttufere more or *1083 seriously -with, the 
speaking. • 

82. A sharp crackling noise in the rec,*eiver is ns ual Ij ciirised Xuw circuit, 
by atmospheric electricity or earth currents; it is una.voidab!e 
to some extent on earthed circuits, but should not occur o,ii 
revolved metallic circuits unless there is an earth fault, 

Xoise or bu/.zer signals heard in the receiver may be due to 
bad earths * contacts, or induction from neiglibouririg lines ; 
they should not occur on revolved metallic circuits unless the 
lines are eartb}^ or in contact. 

A uniform lium is caused by induction or leakage from a 
power or Wheatstone circuit, or is occasionally set up in the 
microphone of the telephone instrument; in the lattei* ease it 
is generally a high note, and can be stopped by tapping the 
microphone. 

A little experience is necessary to distinguish these different 
noises. 

88, Overhearing is caused by lines running near eacdi other, Overhearing* 
and not properly revolved and crossed (see YoL 11), or in 
earthed circuits by bad earths. In exchange systems, over- 
hearing or cross talk ” may also be caused by partial contacts 
at the switchboard, due to dVst or damp, or to actual contacts, 
or by the indicator coils not being properly shielded. 

Xoise or overhearing on revolved circuits may also occur if 
the A and B lines are not symmetrical, f.e., if they arc of 
different gauge wires, or if the line indicator at the exchange 
is only disconnected from one side, &c. , * 
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ELECTRICAL MEASUREMENTS AND ACCURATE 
. TESTING. 

1. rEe objects and general principles of testing bave been 
described in Cbap. XIX, and methods of making rough tests 
weie there given. It was stated tliat for accurate testing 
measurements of electrical quantities (usually resistance) are 
required. 

2. As stated in Chap. I, para. f2, qu.anfities are measured 

™ yards or miles, time in seconds or 

hours, &e., that is, the quantity to be measured is compare’d 
with a standard amount of the same quantity, and this standard 
amount is called the unit. Eor example, when we say a 
distance is 4 yards, we mean it is four times as long as the 
distance between two marks on a particular metal rod kept in 
London, when measured at a certain temperature; this distance 
being the legal unit of length in the British Empire. As 
measurements of length cannot be referred to this standard, 
measuring tapes, or other scales, are made whose length bears 
a definite and known relation to the standard yard. These 
scales are made in many sizes and of many different forms and 
materials, and in many different degrees of accuracy, according 
to file use for wliich they are repaired. 


Measure- 
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criRstmcted * ammeter or by a voltameter (see ClUip. I, 

40) ; «r by calculation (tbe resistance of a portion of tlie 
circuit, and the difference of potential at the ends of that 
portion being. known or iiieasn. red), . . ■ 

Every galvanometer is a more or less accurate ammetSr, as 
th.e deflection producerVl^i' a current depends on the con- 
structioft of the galvanometer and the current passing. 

The methods of measuring capacity, self-induction, Ac., ^ 
need not be considered here as they are not required by the 
practical telegraphist. 

4. The galvanometers described in Chap. Ill consist iti each Galvano- 
Ciise of a pivoted magnetic needle inside a coil. If the needle were 
perfectly free to move in any direction, any currcjut, however 
small, would be able to turn the needle at right angles to the 
direction of the current, so*that to enable an instrument of this 
description to record an alteimtion of the strength of the 
iwirrent, it is necessary to provide some controlling force which 

will tend to draw the neetlle back to its normal position. 

In the galvanometers already described in this book this 
controlling force is furnished by pivoting and weighting ■ the, , ■ 
needle and the pointer attached to it so that they hang 
vertically, thus using gravity as the conti^ulling force. 

With a needle pivoted to svdng horizontally, such a force is 
always present in the earth's magnetism, in which case all that 
is necessary is to set the magnetic needle and the wire con- 
veying the current in the direction of the magnetic force, that 
is, using the ordinary conventional meaning of the -words, to set 
the magnet pointing north and south. This directive force is 
often supplemented by placing permanent magnets near the'^ 
magnetic needle. The result is to give a combined directive 
force from the earth’s magnetism and that of the permanent 
magnet. 

To obtain the greatest deffection the galvanometer must be 
BO placed that, when no current is passing, the needle is 
parallel to the coils ; if the earth’s mag-nefcism is the directive 
force, this means that the galvanometer m.ust be placed with 
its coil and needle directed north and south. If a permanent 
magnet is used it should be moved till the galvanometer needle 
is in the proper position. 

A spring is sometimes used to provide the controlling force. 

5. The deflection of a galvanometer depends on the ampere- Ammetiw. 
turns of its coil, the strength of its needle, the proidmity of the 

needle to the coil, and the strength of the controlling force. 

If the controlling force is constant the deflection of a given 
galvanometer depends only on the current, and the deflection is 
a measure of the current passing through it. If the galvano- 
meter scale is suitably marked, the current passing can be 
directly read off on ' the scale ; such an mstrun^gni ig„calied an ^ ' 

' , In instruments -where the controlling force is a magnetic ^ v' 
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field tffis force is not constant Tinle.ss the field is provided by 
fixed permanent inagnets which are so strong that tiieir field io 
little affected by that due to the earth or to any stray currents 
or magnets that may happen to be near it. Where' the con- 
trolling force is provided by gravity it is more constant, but it 

still depends, to a certain extentf cfa the position of the 
instrument. * t- l ll. 

6. The most snifahle type of galvanometer for use as an 

pnmeter lo known as the moving coil ” type. In these 
instruments the coil is pivoted or suspended between the pole.s 
ot a strong permanent magnet; when a current passes through 
the coil the coil tends to set itself at right angles io the lines 
ot tprce of the magnet; the controlling force is generally 
provided bv a spring. & J 

7. Any instrument that can he used as an ammeter can also 
have Its sea e graduated in volts, as the current tlowing depends 
simply on the difference of potential at the terminals of tho 
mstrument, and the resistance of the instrument, which latter 
IS constant in practice it is also necessary for the instrument 
to have a high resistance, so that the current flowino- in the 
circnit, and therefore the difference of potential to he measured, 
may not be affected by the instiument being connected. Such 
£111 iBstrnmciifc is ca-llcd a “ voltmeter.’’ 


MoTing coil 
mstruinents. 
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^la. 1. — G-alva3^oineier, Horizontal. 

8. Tb»>onlycseryice pattern galvanometer likely to be of n^e 
for teJ^raph purposes that has not already been^described is 
as jie galvanometer, horizontal,” and has T slu 
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ke.-sistaxce boxe.>. 




^Lonzontal needle and ligLt pointer set at rieht anffle.s tlie 
opening of the coil allowing a, tnovement of “about fhP 'J’o 

V 1 *^’® readings a mirror is placed below 

the pointer t.ie readings should be taken when the reHeete(hima<'fj 
appears under the poiWr. The galvanometer i.s illustrated in 
I®, a tight bras«»case provided with 

window.? so that tlie movement of the needle can be seen either 

/i'® *i°^i ^ “P'-'i'ated bv a sliding* 

milled headed screw, is provided to lift the needle off its pivot 
svhon not m use; the needle should alway.s be so lifted when 
the galvanometer is moved. The coil is wound from the centre 
ohms with copper wire '0019 to •OO.jI inch 
'thick, single silk covered, the six outer turns of each end of the 

rm Covered copper wii’e of Xo. 29 S W G 

This galvanometer i.s chieily u.sed for Wheat.stono-.s brid<o^ 
should be given by a current tf 

a/iUiXJO of an ampere. 

Itenstance Boxes. 

9. The? standard re.sistance coils available in the service are 
yoils. resistance, luO ohms,” and “Coils, resistance, 10,000 

•ohm.s. Ihe former i.s de.signed for test.? by “ Wheatstone’s 
bridge up to 100 ohms, and for tests of firiiig batteries &e 
by fuzing wires, in connection with demolitions, &e., and is 
■described in “ Instructions in Military Engineering, Part IV”- 
3is d is of little use for telegraph purposes it^will not be 
■desenbed here. 

“Rheostats” (Chap. VII, paras. 4 and 5) can also be 

««sea as smmaard resiisfeances, bat are not so accurate as the 
‘iibove-meiitioiied resistarice coils. Tlie rheostat coils mav^- 
howe^er, be taken as not deyiating more than 1 or 2 per cent 
from their marked values. 

10. The Coils, I'esistance,^ 10,000 ohms ” are mainly designed Coil®, 

Kor use when balancing a resistance hy Wheatstone's bridge '' reswianw, 
out can be used simply as a resistance, or for other tests. dims, 

I^ig. 2 gives a plan of the top of the Mark III box, which is the 

pattern described below. 

The resistance coils are contained in the body of the box 
and^are connected to brass plates on the top so as to form two 
distinet series, with terminals at either end, one from F to 0», 
the other from C to D. These can be connected or disconnected 
by the copper strap between 0 and OK There are also two 
-contect keys at H and A called Jcey 1 and key 2 respectively. 

*, AA t includes six resistances, 1,000 ohms, 

too ohms-'lO ohms, 10 ohms, 100 ohms, 1,000 ohms, and the 
centre brass plate between the two 10-ohm resistances is 
■connected to the underside of key 2; there are thutou cither 
side of the centre a ^mmetrical sexies of 10 ohms, lOO ohms, 
and 1,000 ohms. These series are usuailv called the “ arms ’’ 
m the bridge. * . 
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,, . from 1 ohm to 4,000 ohms with an 

P'®' °0“P^ete disconnection) between the 
300 ohm and 400 ohm coils. The total resistance in this serie.s 
IS llyilO ohms, and by nsing suitable combinations of 
resistance any amount between this and 1 ohm can be obtained ' 
Ihm IS usually spoken of as the rariable resistance. The end 
at G IS connected to the lower contact of bey 1. 

_ It may be observed that, should the resistances provided be 
in^equate for any tests, other resistances can be added to 
either bridge arm at F or C‘, or to the variable resistance at D 
the copper strap at C being removed if the left arm has to be 
altered. 
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51 temperature coefficient of only 0*005 per cent, per decree 
Centigrade, i.e., for all practical pnrposes it is not aftected by 
any alteration in temperature; the temperature coefficient is 
not mari:ed on the box. 

(h) The ends of the coils are soldered to brass pins, whicli 
are screwed and soldered into the brass Iblocks, thus obviating 
screwed contacts in the box (see Fisr. 4). 


liESISTANCE BOXES. 



. T]%e Mark II box nmy still be met mtli, it is generally similar to 
t|-‘r patterns, tlio ^nincipal differences being as follows : — 

) The box containing tlie coils has no lid, but is contained in a separate 
itted with a lid. Tiic box should normally be used witliout^rcmoTing 
;ii this. case. * 

) The two parts of’H.li? double terminals at F and D (Fig. 2) are 
ited from each other, the lower terminal onlj- being connected to the 
block ; the two parts arc connected to a commutator at the side of the 
s shown in Fig. 5, if the pegs provided are inserted in the two holes of 
)mmutator in a horizontal line, the connections are the same as those in 
ewer pattern boxes. 

) The bottom contact of kev 1 is connected to instead ot G 


l)ox*es are accurate instruments, and Precautionta 
Tlie following points sFonld be 


13. ThesS resistance 
must iw treated with care, 
attended to : — 

(a) The pegs should be inserted an(^ witl^drawii with 
a slight turning motion, as if they were screwed* this will 
ensure the tight fit necessary for accurate work without using 
undue force or damaging tJie box. Pegs must on no account 



Measurement of Ilesusance, 

tnplest method of measuring a resistance is by tlie 
nethod. A battery, galvanometer, key, and the 
stance are joined up as shown in Fig. 6. Tbe 
pressing the key is then noted, and a box of 


Substitution 

method. 


xtMbtance cons substituted tor the unknown resistance. The 
resistance in the box is then adjusted till (on depressing the 
hey) the deflection is the same as before. 

This method is obviously not applicable when there is 
a source of E.M.F. in the unknown resistance X. 

• same method of testing as that given 

in Ohap XIX. It will give accurate results only when 
a sensitive galvanometer is used, and when the combined 
resistance of the galvanometer and battery is small compared 
with the unknown resistance. It has also the disadvantage of 
necessiteting a definite deflection being reproduced— this 
cannot be done accurately with the ordinary galvanometers used 
■ in telegraphy, owing to the size o* the pointer, its distance from 
h tue scale, <&c. 

^ ^ 15. The differential method involves the use of a dufferential 

S^v^^o^eter, such as the “ Galvanometer, single and duplex ” 

i’^’ unknown 

’V ! w ^ adjnsteble resistance R, a battery and 

tha y* ^ ® re^tance R xs then so adjusted that on depressing 
tue kej no deflection is obtained am the galvanometer. Whe^ 





im 
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tills is tlxp case tlie current is dividing equally befc%veen tlie two 
paths, Jience the resistances of the two paths are the same, an cl 
as the resistances of the two coils of the galvanometer are the 
same, the resistance x must equal R. ^ 

This method is also not applicable when a? contains an 
E.M.y., and is not accurate when x has capacity. 

This method (and the "Wheatstone’s bridge method described 
below) has the advantage that the galvanometer deflection h^ 
not to he read. It is far easier to notice a slight movement of 
the needle, than to actually read the deflection ; consequently 
methods which involve balancing the circnit so that mo 
movement is produced on the galvanometer when a key is 
depressed are more accurate than»those which iuTolve reading, 
or reproducing a deflect ii)n« 


Fig. 7.—Difi:erential Method. 


Adjustiog the rheostat in a duplex set is an example of tie 
differential method of measuring resistance. 

16 . The Wheatstone’s bridge method of measuring resis- 
tances the most accurate method in all cases where it is 
applicable, and should consequently be used whenever the 
apparatus and time required are available. The service 
instrnment^ used for this, test are the ** coils, resistance, 
10,000 ohms,” the galvanometer, horizontal, 800 ohms,” a^nd 
a hatl^ry. This apparatus will measure any resistance 
between ohm and I,OOD,OOu ohms. If the galvanometer, 
horizontal” is not available, any other moderately sensitive 
galvanometer can he used. « > 

The batteiy used should he of 10 to 30 cells, 10 cells should 
he sufficient except for high resistance of over 1,000 ohms 5 


. 

’Wheatstone s 
bridge* . | 
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ly be used for resistance of 100,000 phins and 

3WS the arrangement of tbe circuit for tlio 
Ige test. “ G ” is the galranometer, “ a ” and 
resistances, “ d" is, a knorni adiustabie 
®”,the unknown resistance. The resistanc<t 
ited till, on depressing both keys, no deflection 
galvanometer. 

stances are adjusted as above mentioned, it 
is no current through G, and consequently 
I throngh “a” equals the current (C3) 
kt the current (C3) through “ b ” equals tho 
gh d ; aIso that there is no difference &£ 


Tlieoiy of 

WiieatstoBe’s 

feldge. 


Fig. 8.— Theoretical Diai 

The ^fference of potential between 
between B and 0 is C,b (see Chap. I, pa 
i? are at the same potential : 


hence 


as a, h, and d are all known 
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^ 18. Kgt 9 sliow.s lioAv the service instruments mentioned in CDimeetiwU' 

pai-a. 16. are joined np for the Wheatstone’s bridge test. In Wheat- 
comparing this figure with Fig. 8 we see that the portions of ^‘““e’shrici 
the box FB and BC form the resistance “a ” and “ h” ariS the 
jnain portion of the bojs QD forms the resistance “ d.” The 
tei-minfds H, A, F, and D, on the box ai'e’ marked “ Galv.,” 

“ Zinc,” “ Galv. and Line,” and “ Copper and Earth,” I'espec- , 
tirely, to facilitate correct joining up ; the unknown I’Ssistance 
being connected between “ Line ” and “ Earth.” 


Fio-. 9. — Wheatstone Bridge- 


'As the I'esistances “ a and “Z;’’ can each he given the 
values 10, 100, or 1,000 ohms, the ratio ^ can he made either 


iOO’ To’ ^ number of ohms 

between 1 and 11,110 we can measure any resistance between 
ohm and 1,111,000 ohms. 

100 

In most cases it is sufficient to make “ a ” = Z?,” in which 

case they should he of the same order of magnitude as x ; i.e,. 

If X is small (below 80 ohms) make a = & = 10 ohms ; 

If X is medhim (between 30 and 300 ohms) make a = & = 

100 ohms ; 

If 33 is large (above 300 ohms) make « = 6 = 1 ,000 ohms. 

' "i! # 

19. If the unknown resistance x (Fig. 8) contains an E.M.F. When 
it will be sden that a curi^ent will #ow through the galvanp- 
meter when Key J is closed but Key 2 open ; in this case 
a modified pi'ocedure must be adopted. The K#y 1 i«iusfc be e.M.1? 
kept depi^essed, and the needle allowed to come to rest. The 
resistance is then adjusted till there is no farther movement of . 
the galvanometer needle when Key 2 is fii'st depressed. The ^ 
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formula tEen lioldsj thougli tEe proof given in 

0 

para. J7 does not hold in this case ; tlie complete proof is too 
complicated for insertion here. This procedure is termed 
“ balancing to a fake zero.” ^ ^ 

20. If the unKBOwn resistance contain capacity/ or sell 
induction, the current will take longer to grow to its proper 
value through “oj” than throagh ‘‘J,” hence even if the 
resistances are properly adjusted there will be a diiTerence of 
potential between F and C for a moment after Key 2 is 
depressed. If, therefore, Key 1 be depressed before Key 2, the 
galvanometer needle will ipiove. In consequence of this, Key 2 
should always (except when “ x ” contains an E.M.F.) be 
depressed before Key 1, thus allowing time for the current 
tlirongh X ” to reach its steady value. 

21. The procedure when testing with Wheatstone’s bridge 
is usually as follows: — 

(i) Connect up the circuit as shown in Pig. 9. 

(ii) Unplug suitable resistances in the arms a Snd h Un- 
equal arms should only be used when the resistance to be 
measured is under I ohm or over 10,000 ohms, or when the 
result is required to a fraction of an ohm. 

(iii) Depress Key I, and note if there is any deflection. 
This is to ascertain if there is an E.M.F. in the unknown 
resistance — if there is a deflection, proceed as in (vi) below. 

(iv) If there is no deflection release Key 1, and unplug the 
infinity ” plug, depress Key 2 and, while holding it down, 

depress Key 1 momentarily ; note the direction of the throw of 
the galvanometer needle. If the galvanometer needle does not 
move, the unknown resistance is very great, the testing set is 
wrongly joined up, or some portion of it is out of order. 

(v) Plug the infinity plug, and unplug a resistance in 
‘‘ £2” which will probably be rather greater than that to be 
balanced. Press the keys again in the same way as above (iv) 
and note the direction of the galvanometer deflection. If in 
the same direction as before there is too much resistance in the 
box, if in the reverse direction there is too little. Then adjust 
the resistance in the box till there is no deflection on depressing 

the keys. The unknown resistance is then ~ d. 

h 

(vi) Yariation, — If in (iii) above there is a deflection, pi’o- 
ceed by keeping Key 1 dep:^bssed, and adjust the resistances 
in ” until on first depressing Key 2, no alte^;g»tion in the 
deflection is produced. The unknown resistance is then cal- 

^ culated as before. 

It iy verjr important in making these tests to get actual 
deflections on the galvanometer and not to be satisfied with 
» a purely negative result. The absence of deflection may he 
due to a loose peg, had conftact, a broken connection, or a 


Wlicu 

unknown 

resistance 

contains 

tjapacity 

or self- 

induction. 


Rules for 
testing with 
Wheatstone’s 
bridge. 
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sluggish ga?vanometer and, by itself, gi Yes no information, 
liowever,'’ deflections are obtained for values of “ ^ sli^ 
above and below the value giving no defection, it is pract; 
oertahi that no such defects exist. 


Insulation Testing, ^ 

22. Testing the insulation of a circuit is simply measuring With 

a very high resistance. This can be done by Wheatstone’s ‘Wheatstones 
bridge as already described, but only if the resistance is below bridge. 

1 megohm (1,000,000 ohms) ; if the resistance is above this 
figure it cannot be measured unless coil of 1 ohrn resistance 
is available, in which case iit can be inserted between 0 and 
(Fig. 2) and used instead of the '‘b” arm of the bridge, or 
unless a high resistance, such as a second box of coils, be 
alitached at F to increase the resistance of “a.” This will 
enable resistances up to 10 megohms to be measured with 
a fair degree of accuracy, and thus give a range sufficient for 
most cases.' 

23. An instrument called the ‘‘"Megger” has recently been The 
introduced for the purpose of measuring resistances from 
50,000 ohms to 100 megohms, and this instrument should be 
used when available, as it is simpler to use and more accurate 
for high resistances than W^heatstone’s bridge. 

The instrument is issued in sealed boxes, and as the makers^ 
guarantee the instrument if the seals are not broken, they 
should be kept intact and if repairs are x’eqnired the “ Megger ” 
should be returned to Woolwich and not be repaired locally. 

The “ Megger ” consists of a generator which will give an 
E.M.F. of 500 volts, and a specially constructed galvanometer 
of the moving coil type, the scale of which is graduated in ohms 
so that the resistance can be read off without any calculation. 

The generator is driven through a friction clutch and above 
a certain critical speed (about 100 revolutions a minute) the 
handle is felt to slip, and above this speed the voltage is con- 
stant ; the importance of constant voltage in testiog the 
insulation of cables is dealt with below. 

24. To use the Megger the line is connected to the terminal 'Use of 
marked “ line,” and earth is connected to the terminal marked ‘‘ Megger.” 

earth,” the handle is then turned till it is felt to slip, and the 
resistance is read offi direct on the scale. If the resistance 
between two lines is required they are connected to the two 
terminals. The Megger should be approximately level when in 

; I <1 

25. The galvanometer consists of two coils rigidly connected together Construction^ 

and to the pointer, the coils being pivoted in the of powerful uf Megger.' 

|>ermanent magnet. The coils are connected electrically as shown ii%. Fig. 10 

where 0 and P are the coils, “ rr,” resistances in series with them, and R 
the resistance to be measured. The coil C is so arranged that a current 
iowing through it tends to set the j^ointer to the zero pf the scale, and , 
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the coil P tends to more the pointer along the scale. If 5 the nnhnown 
resistance R is infinite no current floT^'s through C, wliile if E,is reduced 
the current in C increases while the current through P is, if anything, 
reduced. As the deflection of the pointer depends simply on the currents 
flowing in the two coils and these currents depend simply on the value of 
B, the scale can be graduated to give the ral#»e of E in ohms or megohms ; 
the readings are indef>endent of the E.M.F. ^ 


EARTH 

TCRMtKAL..* 


tlNe . 
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Pio. 10.— Connections of “ 


26. Long lengths of cable act as condensers, and thus, evea 
when the insulation is perfect, there is, on first closing the 
eii'cuit, a flow of current into the cable, and this continues 
until the cable is fullj charged.’’ As it becomes charged or 
‘‘electrified” the current decreases gradually, and thus some 
time elapses before the “ electrification ” as it is generally 
called, is complete. If an insulation test is taken before this is- 
complete, the result will be lower than the true value of the 
insulation resistance. For very accurate work it is necessary 
to wait some considerable time before taking readings after 
completing the circuit. Phis charging current also depends on 
the voltage applied to the cable, and consequently the voltage 
must be kept constant during the test. For ordinary tests it is 
sufficient to take the readings after one minute’s electrification,, 
but for results to be useful for comparisons the voltage used 
and the times allowed for the electrification must be stated.. 
The movement of the galvanometer needle dui^ing the test also- 
gives an idea of the state of the insulation; i^e apparent 
resistance should rise in a^iniform manner, and without Jerks ; 
if this is not so the insulation is not in proper condition. Tho 
figures given #in this book for the correct insulation resistance 
of thS various service pattern cables are when tested ah 
500 volts after an electrification of one minute. If it is desired 
Ho repeat a test for insulation ‘5of a cable, care must be taken to* 


“Ekcfcnfiea. 
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fully dischai'go the cable before the second test, by coniiectiiir/* 
tii 0 conductor to earth and leaving it so for some little time. 

Directions for preparing cables for test, &c., are sriven in 
Vol. II. , 

^ Testing Baitenes. 

27, To make a complete test of a battery or cell it is Terminal 
necessary to measure both its internal resistance and its^E.M.F. 

If a voltmeter of suitable range is available these can be best 
measured as^follows. The voltmeter is first connected to the 
terminals of the battery to be tested, and the volts read 
off the scale ; call this reading Vi. A low resistance of known 
value (R) is then connected as show^a in Fig. 11, with a key 
in circuit, and the diiferenpe of potential at the terminals is 
again read; call this reading Yo; call the resistance of the 
battery r, and its E.M.F., E. 


r— -jVj-— 





R 

Fio. 11. 

The reading Yi, strictly speaking, gives the difference of 
potential at the tei'minals of the battery, but if the voltmeter 
is of high resistance the current flowing is small, and theE.M.F. 
is practically the same as the difference of potential at the 
terminals (see Chap. T, para. 2-5). 

Hence practically E = Yi, 

If the resistance R is small compared with the resistance of 

E 

the voltmeter, the current through the resistance is 
R-pr' ^ ^ 

Yo 

But the^rrent through the resistance is * 

n., ^ Vi Va Vi -Ya 

ihereiore — = — - or, r = R — vf . 

.-r. + r . Jt " " ' Vs • ^ 

' - ■ * * 

Thus both the resistance and the E.M.F. of the battery can 
be found, Note that the resistance R should not be one of the 


... 
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ilill 


■HlSIi 





286 TESTING BATTERIES. [CHAP. XX. 

coils of the Coils, resistance, 10,000 olims as tlie com- 
parativelj large current furnislied by tlie battery *^10 this test 
would probably damage the coil. Also the second reading 
shoujd be taken as quickly as possible, or the battery will 
become polarised and its resistance altered. 

■ ■ r r. 

If the galvanome?ier has not a high resistance compared ■with the battery 
and the resistance B "nsed, the accurate formulae for E.^I.F. and internal 
resistanegj are; — - 

-n. (q -A)T, Y, __ V,-V„ 


w'here Yy and Vo the first and second readings of tlie voltmeter, G the 
resistance of the voltmeter, aad where A is the combined resistance of the 

voltmeter and the resistance B, Ac., "where A The proof of this is 

lx + Jtv 

a simple application of Ohm’s lavr and need not be giTcn here. ^ 

28.^ The “Instrument, testing, primary batteries” (Fig. 12) 
is designed for testing single cells by the above method. It 


Instrument, 

testing 

primary 

batteries.” 


Fig. 12. — Instrument Testing Primary Batteries. 
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29. An insfcramerifc called the “ Volt -ammeter lias been V^olt- 
introdiicec? to snpei’secle the above and is illastrated in Fig. 13. 

The instramenfc is of the moving coil tjpe. When the button 
marked “ volts is pressed the terminals are connected to the 
moving coil through an added resistance of about 1,50(? ohms 
(wound on two bobbin^, Bi and Bj), and the scale is graduated 
to read the volts at the terminals when ^connected in this 


'MOVINOi COIL. 


SHUNr, 


Fia. IS.-Volt-ammefcer 


manner, and will x^ead up to 10 volts. When the button 
marked amp’s'’ is pressed the tei’minals are connected by 
a resistance of about *02 ohm, in parallel with the coil and 
an addecT I’esistance (bobbin B 3 ) «of about 18 ohms; the scale 
now reads the amperes passing through the instrument; the 
resistance being only about *02 ohm. If t^ instrument is 
connected to the terminals of a cell or battery, and the'^reading 
"taken with the “ volt ” button pressed, the reading gives the 
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E.M.F. of tKe batterj -with out farther calculation (strictly 
it gives the difference of potential at the terminals, hnt as the' 
resistance of the instrument is large this is practically the 
same thing). If the “ amps’^ button is then pressed the reading 
gives the current produced by the ^battery when connected to 
a resistance of *02 #phm, hence if E and C are the two readings, 

E 

rand r ” the resistance of the battery, we have C = — T'TruS, or 


in other words, r = —'02, or practically r = q. In using 

this instrument care must be taken not to test at one time 
a battery that has a higlier E.M.E. than 10 volts or one that is 
capable of giving a largericjurrent than 10 amperes when short 
circuited, and the amps ” button rntTst not be kept pressed for 
longmr than is absolutely necessary to obtain the reading. 

dO. Other methods of measuring .E.M.F. require the use of 
a standard cell, and as this will not be generally available these 
methods will not be desciihed here. It will generally be 
sufficient to note the deflection given by a cell on the “ I coil 
of a detector and compare it with that given by another cell of 
the same description that is known to be in good order. 

31. The only other method of measuring the internal 
resistance of a battery that need be considered here is 
a modification of Wheatstone’s bridge. The bridge is joined up 
as for an ordinary test, only the battery under test is substituted 
for the unknown resistance, and the terminals B and D are 
joined by a wire. The balance is then obtained in the manner 
usually employed when the unknown resistance contains 
an E.M.F. 


Other 
methods of 
measuring 
RM.F. 


Other method 
of measuring 
internal 
resistance. 


Localisation of Faults with Wheatstone's Bridge. 

32, If a good line is available to form a loop with the faulty 
one at a point beyond the fault, an earth fault can be localised 
as follows. The two wires are looped (i.e., joined together) at 
the far end and the resistance of the complete loop is measured 
in the usual way. The battery is now disconnected from D 
(Fig. 14) and connected to earth and a balance obtained. By 
referring to Fig. 14 and comparing it with Fig. 8 we see that 
the following relation now holds — 


Test for 
distance of 
«arth fault. 


where ^ is the resistance of the loop as already measured, and 
a; the resistance of the faulty wire up to the fault. “a” can 
always be taken equal to ^5” it follows in this case that 
~ 2 (Z—d), To ascertain the distance of the fault from the 
testing station Tfrom the resistance £e ” in ohms, the material 
and gauge of the wire must be known. If the gauge and 
mateiial are not uniform an approximate result can be arrived 




Fie. 16,-— Test foi Distonee of Ot Contecfe, 
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at if tbe extent and distribution of the various sec^tions are 
known. 

33. The distance of a contact can be arrived at in a similar 
way, one of tlie lines is earthed at the far end and the other is 
left dis. The connections are as sh<;>w'p in Fig. 15. X and x 
are the resistances wf the portions of the earthed wire between 
^he contact and the earth, and the contact and the testing 
office respectively. It should be noted that the keys in this 
test are reversed and that the arm a of the bridge is not 
used — the three holes in this arm must be plugged. When the 

h ' X ' ' ' " '■ ' ' ' ■ 

balance has been obtained ; if the line is of a uniform 


gauge the lengths are propoKionai to the resistances, and if the 
distance of the far station is knowm distance of the contact 
can easily be calculated. 



G.OOO WtRE 


Fig-. 16 , — Loop Test for Distance of a Contact. 


If a good wire is available for looping to a point beyond 
the fault tbe distance of tbe fault can be found by the same 
method as that explained above for an earth fault. The 
connections for this test are shown in Fig. 16. 


Testing Uarths* 

34. All earths on a permanent system should be tested 
occasionally. The resistance of earths on a permanent telegraph 
sysl^em should not exceed 10 ohms. 

To test the resistance of an earth two other earths are 
required; and these should be not less than 20 yards apart. In 
the case of telegraph offices these earths may conveniently be 
those of neighbouring offices, provided a line is available to 
each of these offices. - H 

Two tests are required, and Che current should flow through tbe 
earth, under test in the same direction in each case, and also 
should be "of al)?>ut the same strength in each case, this will 
necessitate increasing the battery for the second test ; a detector 
iasei^ in the battery circuit" assists in obtaining tMs... 
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lines are connected as sliown in Fig. 17 and a balance obtained, 
we then have the relation ^ where hi is the resis- 

tance of the one line and its earth, and x the resistance of the 
earth' under test. The#s(^ond line is then joined up as shown 
in Fig.* 18 and a balance again obtaiuf^d,* if the balancing 

* 71 _ U Xii 

resistance is now a we iiave t- = 'TijTZ ; from these two 


ons 


Fig-. 17. — Testing Earths— 1st Test. 


Anoth^ method of testing is to measure the resistance of 
each pair m earths in turn. Thei| if x + 1*1 — A, x + La = B, 
and Lj -f La = 0 we have x ^ f A + B — C). This value of 
X includes the resistance of the wire conneeti^g th^ earth to 
the testing apparatus, which can be ascertained separat^j, and 
allowed for. If this methoi be emplojed the current should., 
fiovv for as short a time as paasiblej ^ aTOid polarising the 

(l2o8) . X a i 


i,,; ''.M. 





TESTING EABTHS, 


eartlis, or else the “apparatus, testing lightning coiuiuctors 
should he used. 


Fiu, 18, — ^Testing Earths— 2n8 Test 


35. The “ apparatus, testing lightning conductors ” consists 
of a special form of Wheatstone’s bridge, with the necessary 
accessories^ for connecting up. In this apparatus a magneto 
generator is used instead of a battery, and a telephone receiver 
instead of a galvanometer, the point of balance being when no 
noise is heard in the receiver when the generator handle is 
being turned. The apparatus is illustrated in The 

arms “a” and “ (Fig. Sfoi the hTidge are composed of a 
piece of Grerman silver wire, and balance is obtained by moving 
the point ^ B ^^Fig, 8, this point B is the contact between the 
sliding arm and the wire) along this wire. The arm “ d ” is a. 
fixed regigtance of 3*5 ohms, The wire forming the arms “ a, 



APPARATUS, TESTING LIGHTNING CONDUCTORS. 
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and “ h ” is placed on. a graduated scale, so that the resistance 
corresponding to the point of balance can be read off. If the 
screw marked ‘‘10 fold ” be removed, the resistance of “ d’* is 
increased to 8-5 ohms, and the resistance read off on the scale 
must then be multi plied- by ten. This screw should be removed 
when the unknown resistance is over 10 obms- 

The use of an alternating current for the test prevents the 
polarisation of the earths, bnt it will not give accurate resalts 
unless the self-ind action of the various arms of the bridge is 
negligable, as if this is not the case the apparent resistance 
will be greater than the actual resistance {see Chap. I, 
para. 61). Consequently it is necessary that the wire used to 
connect up should not be in coils, unless the coils are 
differentially wound. The drum of wire supplied with the 
apparatus is wound double for this reason, and also to enable it 
to be paid out from a central position in the two directions it is 
required to connect, it should always be recoiled after use in 
the same manner. Short lengths of wire used should always 
be straightened out. Tlie moving arm should always be 
handled l>y the insulated knob, or the tester’s body will provide 
a path to earth, and so prove a source of error. 

In some cases it may be found impossible to obtain absolute 
silence in the receiver when making the test. This may be due 
to: — 


(a) Induction in the testing cix’cuit. 

{h) Leakage in the apparatus, probably due to dampness, 
(c) A faulty (i.e., leaky) receiver. 


Defect (a) may be removed or lessened by attending to the 
instructions already given regrarding coiling of test wires, &c. 

Defect (5) if due to dampness, may be prevented by keeping 
the apparatus in a dry place, and exposing it to the weather as 
little as possible. 

Defect (c) may be remedied temporarily by insulating the 
handle of the telephone receiver with iudiarubber tape. 
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CHAPTEE XXL 

METHOD OP CySALING WITH* MESSAGES, OFFICE 
^ ROUTINE, AND ORGANIZATION. 

Note .— in this chapter is to he taken as overruling 
ony regulations contained in ‘‘ Telegraph Manual — War,” or other 
official regulationSy^ or any amendments thereof. 

The instrucMons h^^re given are, at the time of writing, in agree-- 
ment with the regulations^ and are written to explain and amplify 
them. They are to he complied with ivhen not inconsistent with the 
regulations above mentioned. * 

When paid ttdegraph work is dealt with in military telegraph 
offices at homey in peace time, the “ Instructions ” of the Post Office^ 
telegraphs must he adhered to. 

Operating, 

1. The Morse Alphabet, which is now invariably used for 
telegraphy by all countries using the Roman Alphabet,* is 
formed by various combinations of two distinct signals arranged 
on the principle that the most commonly used letters are formed 
by the shortest signals. In the system used for military teie- 
graphy, the difference between the two signals is a difference of 
duration; one signal, known as a “ dash,” being three times the 
length of the other, known as a dot.” The interval between 
the component dots and dashes forming a letter is equal in 
duration to one dot ; that between each complete letter forming 
a word to two dots; and that between words to three dots 
(See Fig. L) 

Good sending, ^ and thei'efore easy reading, dtepends upon the 
accuracy with which the correct lengths of the dots and dashes, 
separating intervals and pauses are maintained. 
Whatever the rate of telegraphing may be, these relative 
lengths should be strictly adhered to. 

2. In the single needle system, although the alphabet is the 
same, the different signals are formed by right and left deflec- 
tions of a galvanometer needle representing dashes and dots 
respectively and not by difference of duration. ^ 

S. Full stop ( . ) - — » » ■— - •— 

Break signal or fresh line^ — 

Apostrophe ( ' ) « !»»» «« ^ 

Hyphen V 

Exclamation ( 1 ) mmmm €«» » w ^ 

Interrogation (?)■«■• — n w 

— ^ ^ ^ - — _ 

1 modification of the Morse alphabet is used in America, some of the 
letto being dightly difEerenfc. Some of tbe latest automatic telegraph 
feystenofi use a different alphabet. ^ ^ ^ 


Morse 

signals. 


mo a m> 


MOBBE SYMBOLS. 
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Underline ( ) mm mmm wmmm m mmm 

: . : !^areiL thesis ( ' ) ’ «i» — »«««» '« ^ 

Inverted commas ’’) » «— » « mh.«. m 
C ompletion of ‘telegram or ‘‘ understand <« 

Unb out mmm m m m wm m m 

, Bar of divisioif ( / or | ) » « «. 

PVactional or liorizontai bar ( — ) mm*. »• » «»« «• 
Symbol to be nsed between whole numbers and 


Fig. L 


MORSE SIGNALS. 
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MOIJSS SYMBOLS^. 

f 

4 , The bar of division used in the symbols, “ 
“ Vi” of lading), ‘*7o’’ (care of), and 
with any letters, whole numbers, or fractions ° o 
betw^een shillings and pence is to be signalled 


Signalling, 
bar of 
diyision, 
horixontal 
bar, &c. 


The fractional or horizontal bar used to separate the 
numerator from the denominator is to be signalled m m «»»» ■>, 


This signal must also be used in all cases in which a hori- 
zontal bar is written by the sender. 

In a whole number followed bj a fraction, the whole number 
must be separated from the fraction by the signal _ -i.. _ 
the bar of division, or the fractional bar being signalled as 
written by the sender in accordance with the above instructions, 
and similarly in the case of a fraction followed by a whole 

Tinmhim •' 


A double or combined mixed 
mgnalled thus : — 


group, such as 5-| must be 


Yv nen punenmg vv neatstgne slip, mixed groups m^t always 
be preceded and followed By four spaces, as an indication 
that the figures, ^4c., within those spaces form one group 
The Symbol *' &o." should be signalled as “ etc.” 

5. The following authorised abbreviations ai-e also in use to 
denote certain phrases which aiie in constant use between tele- 
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graph clerks oonueoted with the working of the line, to save 
time 


TQ Attend to switcli 
IQ Correction i^equired 
PIQ All statioim 
DF Two or more stations 
MQ Weather report ... > 
KQ Daily time signal 
NN Greenwich, mean time 
TJQ Go on 


Am I throngh ? ... 

Not through 
How &ii'e your signals ? 
Direct line free ... 
Wait; engaged ... 

Say -when ready ... 
Nothing more coming 
Attend other circuit 
Ackno wl edg rnent 


6. The first signal senft in a message after having obtained Prefixes, 
the attention of the distant station is called the “ prefix.” It 
^enables the receiving clerk to determine on what form to write 
the message. The various prefixes are as follows : — 


Messages to be Messages to be 
delivered at ' transmitted at 
Receiving j Receiving 

Station. I Station. 


Telegraph service messages requiring 
immediate attention 

Military railway service messages requiring 
immediate attention 
Telegrams O.H.M.S. with priority 
Telegraph service messages 
Telegrams O.H.M.S. without 
priority 

Paid telegram. 1 j, j 

Eeply paid telegrams \ % iorijy 

PrpsR or Tiflwa r.A ft o-rn ms 1 ® 


Telegrams take precedence in accordance with their prefixes 
in the order given above. 

7, While precedence among difEerent classes of messages is Code time, 
determined by the prefix, the order of transmission among 
messages of the same class and character must also be deter- 
mined. For example, a central station may be in communica- 
tion with several others, and* receive two or more messages 
with the same prefixes for transmission along the same circuit. 

These m«^ he dispatched accordi|ig to the priority of their 
time. 

This code time represents the hour at which the message 
was handed in by the sender at the telegraph office of tirigin. 

Time is transmitted by code according to the diagram 


r 

1 


j 

m 

Si 




ixst). 1 I is 9. 

is 12.30. BI is 2.45 

MFS is 12.32. BIX is 2.49 

MFSAM is 12.32 a.m. BIXPM is ^49 p.m. 

^ In order to avoid the difficulty of distinguishing between 
toidnight and noon (both being represented by the letter M) 
messages are never “coded” M; but if handed in either 
midnight or exactly at noon, they are coded MRAM 
or MKPM, as the case may be. 

8, A forwarded telegram is a telegram Landed in for 
aespatch. A transmitted ” telegram is one received by wire 
for retransmission. A ‘‘ received telegram is one received bv 
wire tor delivery. 

The following special forms, Ac., are used in the Service .— 
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Army Folm, | 


Description and Dse. 


C 212fl (i) A ’’ forms for forwarded ” messages, printed on wkite 
paper. Jn^pads of 20 forms. 

C 2i21 (ii) Ditto, ditto only in bo<.ks of 100^ forms, alternate forms 
perforated. For use by staff officers, etc,, wlio require 
to keep duplicates, ■» 

0 2122 “ transmitted » messages m pads of 

_ 150 forms. 1 riiited on yellow paper. 

C 2123 “ C” forms for received messages, in pads of 100 dupli- 

cates, one copy for retention in the office and one for 
delivery. Printed on pink paper. 

0 377 Envelopes for delivery ^eiegrams. A receipt form is 

attacked to the dap of the envelope. 


0 2122 


C 2123 


The above forms are also used for signalliB^. 


B 118 
0 2101 


C 2100 
0 2102 


j For “ abstracting” telegrams, see para. 53. 

I bundles of messages sent to the Clearing; 

House. ° & 

Circuit cards. 

ISfotice as to hours office is open, &c. 


9. Every station will have a distingnisEing or call signal, Call signals 
consisting of two or ihree letters. They should, as far as 
possible, be abbreviations of the names of the places; for instance, 
Newcastle, NC ; Heidelberg, HO; Pretoria, PE. As there are 

650 combinations of two letters of the alphabet, it is generally 
possible to find suitable combinations of two letters for every 
military telegraph office ; but where this is impossible or 
inconvenient, combinations of three letters may be resorted to, 
thus: Newcastle, NCS ; Heidelberg, HDG ; Pretoria, PTr! 

There is, however, an inconvenience in the use of three letters, 
especially when the setting of the office dating stamp has to be ’ 
considered. The combinations, frequently and carelessly 
repeated, sound so much like words, that unless the call be 
carefully made, an inattentive station may conceive that a 
message is being transmitted between two other stations instead 
of his own station being called. 

_ The call signals for each telegraph office have to be deter- 
mined by the Telegraph Officer in charge before the office is 
opened for 'business, and when once decided on should not be 
changed. 

^ GountingtWords* 

1 0. T^grams in Latin or in any modern European language, Foreign 
and writWn in English characters, ,|ire to be counted in the same languages. 
wa\ as telegrams in English ; but words not forming part of 

such languages are to be counted as five letter^ to a word. 


* Eules for counting words in aooordanee with the international code are 
given in Appendix I. 
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Coined words, 11. Coined -words registered as abbreviated addresses are 
to be counted as single words in all cases, ^ " 

Other combinations of letters not forming actual words are 
to be<3o-anted at the rate of five letters'to a word when used in 
the text, and written without stops /jr spaces between them ; 
when used in the address they are to be^counted and transmitted 
as separate initials. 

12. Combinations of two or more words are to be counted as 
separate words, but combined words, which the nsage of the 
language allows to be written together, or coupled by hyphens, 
and which are so written by the sender of the telegram, mnst be 
counte^d as single words; as for example, fifty -five, lieutenant- 
general, father-in-law, linendraper, frostbitten, ironworks, table- 
cloth, ^ 

The intention is that all expressions -wdiich, by the usage 
of the English language, are written as single words (with oj* 
without hyphens) shall be accepted as single words in telegrams. 
Whether they appear in a dictionary or not, if these expressions 
are usually wTitten as single words, that is to be taken as the 
guide, and they are to be counted accordingly. Tt may be 
difficult to determine sometimes what the usage is. In these 
cases the benefit of any reasonable doubt is to be given to the 
sender of the telegram, and if he writes the expression as a 
single word it is to be accepted as such. 

In any case in which an expression of the nature of a 
compound word is accepted as a single word it must be so 
written by the sender. For example, if the sender wishes 
twenty -five to pass as a single word, he must write it, not 
as “ twenty five,’^ but as “ twenty-five or “ twentyfive.’^ 
An exception to this occurs in certain names of places, for 
which see para. 13. On no account are words written 


Oompound 

words. 
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Illustrations : — 

Melton- Mo wbraj (a telegrapli office) ... 1 word. 

Hyde F^ark Road (a town sub-office) ... 3 words. 

Great George Street (a street in a town) ... 3 worcJs. 

Hew Orleans (a foreign telegraph office) ... 1 word. 

The prefix “ St ” or S ’’ always counts as part of a word, 
and a hyphen should be signalled between it and tRe rest of 
tlie name. If the sender insists on writing “ Saint ’’ it must 
be counted as a separate word. 

Names like MacDonald, FitzGerald, O’Neill, Be Morgan, 
Be la Rue, St. John, should be counted as one word eacli, bnt 
double names of y)ersons, such as “ Bouverie-TracT,’' are 
counted as two, whetlier v^ritten with a hyphen or without. 

14. Such abbreviations as can’t, won’t, don’t, shan’t, and 
couldn’t may be counted as single words. A.M. amd F.M., and 
the initials of the London Postal Districts, count as one word 
each. All other initial letters mnst be counted as one word 
each, whether a full stop follows them or not. 

15. When the sender desires words to be underlined, or 
placed in a parenthesis, or wdthin inverted commas, one extra 
word for each such underline, &c., must be counted. Signs of 
punctuation, except when used with numbers, see para. 17, 
must be counted as one word each if the sender requires them 
to be signalled. 

16. Numbers expressed in figures, whether in the addresser 
the text, must be counted at the rate of five figures to a word. 
If a sender writes Roman numerals he should be asked to 
substitute words or figures for them. Ordinal numbers, 
expressed in words and letters, roust be counted at the rate of 
five signs to a word, the letters being reckoned as figures. 
Thus 14th is one word, 1522nd two words. When a figure or 
a group of figures is followed or preceded bj a letter or group 
of letters, the letter or group of letters must be counted 
separately. For example, “2a” “lOcd” “A1 ” must each be 
counted as two words. 

An exception is made in the case of letters used with 
figures in the address of a telegram, e.^., 104a, Piccadilly, 
should be counted as two words. 

17. A of division, fractional bar, hyphen, or stop used 

with a figure or group of figures should be counted avS a figure. 
Thus, “1/2” “-I” “1 — 2” and “1.2” are each counted as 
three figures Qv one word. “^7/” ‘757 57/.’’ and “./57” 

are also counted as one word each. The combination 
“ 197^/19^-*” is counted as four words, “ 197^ ” counting as 
two words (under para. 16), word (under the 

resent rule), and the letter “a” as one word (under para. 16). 
miiarly “M. 30”is counted as two words,"* “ .30 ” counting 
der the present rule) m one wordt ^ is counted m three 
res or one word , . 


Abbrevia- 

tions. 


Punctuation 

marks. 


Numbers. 


Stops and 
signs used 
with figures. 
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Fractions. 18. In fractions the bar, whether horizontal oi> oblique, 

between the numerator and the denominator must, m 
ance with the foregoing* rule, be reckoned as a figure ; th ns 
a equal to three figures or one word, 2^4” or 

‘‘ 1 2 ’’ one word each, and “ 709| tw«^ ^ords. 

When the affix^-“st’’ ‘‘ th -‘rd^or ‘‘nd” is used, the 
;node of counting is as follows : — “ l/3rd’' “ |rd '' 1 — 3rd '' or 
“1.3rd ” would each be counted as one word, and ‘‘2/22nds 

2 — 22nds “ 2.22nds ’’ as two words each. 

19. Groups of figures expressing time are counted in 
accordance with para. 17. Thus, ‘‘12.35’’ is equar to one 
word. 

20. Sums of money written in figures are to be counted 
according to the foregoing rules, one word being added for the 
symbol £/ when it is used, and one for each of the letters ^ 

s and “ d : thus, “ 7/6 ” is to count as one word, “ 7$ 6d ” 
as four words, “2/7/6 ” as one word, “ £10/19/5 ” as three 
words, the bar of division counting as a figure. 

When sums are expressed partly in figures and partly in 
words, they must be counted in the same way as shown in the 
following examples:— “7 pence” must be counted as two 
words; “10 pounds 17 shillings” as four words. But the 
words “halfpenny,” “twopence,” “ thrf'epence,” Ac., when 
written in full, count each as one word only. 

21. A bar of division, fractional bar, hyphen, or atop, used 
•with a letter or group of letters counts as a word. Tor 
example, “ a/r ”» I ’’“a-r” or »a.r” would each be counted 
as three words. 

The expressions ^nd » 7 o” are, however, 

counted, by way of exception, as single words. 

Treatment of a Message from the Moment of Sanding Jn. 
Acceptance. p. On a telegram being handed in, the counter-clerk 
through, and counts the words. He is responsible 
tkat he can read every word in the message, and should 
requ^t the sender to initial all alterations and erasures. 

Messages which are handed in written on anything but an 
\ attached to an “A” form,, on which 

prefix, &c., will be entered. The message mast not be copied. 

be aect^ed*^^®^ messages must not 

f “?f.f (to be prefixed S M and" X M) will be 
awepted at all military telegraph offices without payisent, but 
dl such messa^ must be franked by the signature of one of 


Figures 

expressing 

time. 

Sums of 
money in 
figures. 


Money in 
figures and 
words. 


Bar of 
division and 
other signs 
used with 
letters. 
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(iii) Tl,T.e Lead of an administrative service, or Lis represen- 
^ tative if an officer. 


(iv) An officer holding a special or personal appointment. 


24. Service messages parked Priority (to Le prefixed S B Priority 
or XB) will Le accepted with the signature of the officer messages, 
commanding on the spot or of an officer expressly antLorised ^ 

Ly Lira. Messages so marked wLicL are banded in ’•without 
this authority, will not be accepted as priority messages unless 
the sender, being an officer antLorised to send a service 
message, orders the telegraph master to send such message, 
and accepts responsibility for the breach of tbe regulations. 

In this case the telegraph master must deal with the message 
as a priority message, amd afterwards report to the senior 
officer commanding on the spot. 

Note . — It is quite evident that in exceptional circumstances, 
and especially urgent cases, messages marked priority will 
necessarily Lave to Le accepted; and special x’eports on these 
will only Le vexatious. 

25. Private or press messages will not be accepted at a Private and 
military telegraph office unless the opening of that office for Press 
this purpose Las been duly authoiised and notified, and the 

orders regarding the censoring of messages, which will be the 
subject of local orders, have been fully complied with. All 
such messages will be paid for in cash or by warrants on 
Army Book 297, unless local orders allow of the acceptance of 
those bearing local stamps. 

If an officer wishes to send as “ Free ’' a message which the 
clerk considei’s contravenes the local orders on the subject, the 
duty of the latter is to point this out to him, and if he still 
insists, send the message, at the same time informing him 
that the matter will he reported to Headquarters. The original 
A form, with a report, should be sent by post or other autho- 
rised means to the Telegraph Officer in charge at once, a 
certified copy taking its place with the other A forms. 

26. All messages handed in from a signal station for trans- Messages 

mission will have the words By signal from from signal 

inserted in the space for Service Instructions as well as the stations, 
telegraph office of origin, 

27. When the me'^sage has been accepted, the counter Preamble, 
clerk enters the number of words; the charge if any; 

the code time of handing in; the prefix, in accordance with 
regulations ; tfce office of origin ; and the number of tbe 
message ; and places a clear impression of the office date stamp 
upon therraessage, obliterating tbe stamps if there are any. 

If the message is “ paid ” he takes the money according to 
tariff, and stamps the message “ paid.” If possible A forms 
should be abstracted before they leave tlie countJbr - (see 


If it is necessary to return a telegram fihe sender for 
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inquiry on some point, the telegram should be enclosed in a 
cover and the inquiry should be written in suitable form by the 
senior cderk on duty. 

If, 4^fter a telegram has been coded, an error or omission in 
the text or in the address has to be remedied by the sender, or 
the telegram is reipirned to the sencfer^^for any other purpose, 
the original code time will be cancelled, and the time at which 
the telegj.’am is finally accepted as complete for transmission 
will be inserted in place of the original code time. 

28. S.G-. and D.S. messages must be coded, counted, prefixed, 
<fcc., in an exactly similar manner to other messages. 

29. Messages handed in with several addresses for different 
offices must be treated as separate messages. Separate A forms 
should be made out for each address, properly coded and prefixed, 
and^ with ‘‘ For text see No,...” written in the space for text. 

30. When the message has been coded, Ac., it is taken to 
the clerk at the telegx'aph instrument, 

If the message has to be sent to a ‘‘ transmitting ” office and 
the clerk is doubtful as to the route, he will refer to the 
telegraph master, or superintendent, for information. There 
should be a diagram of the circuits in every office to enable such 


Precedence 
on the 
eireuifc. 


Operator 
calls office. 
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^ claim tarn hj sigaalliiig his prefix and code time. A 
^ telegraphist signalling a telegram is held to be in possession of 
the circuit until the telegram iias been acknowledged, and anj 
necessary 'repetition given. 

34 Having, in tln^ manner described, gained the attention 
of the^ office to which the telegram is to bes’bnt, the telegraphist 
must signal the prefix. This is intended to show the receiving 
telegraphist on what form the telegram must be written. If it 
is to be delivered from his office, he will have to write it out on 
the received form 0 ; if it is to be re- transmitted bj wire, he 
will have to write it out on the transmitted form B. In the 
first case the prefix contains the letter S; in the second it 
contains the letter X. ” 

The telegraphist, havhig sent the prefix, will next signal the 
code time. When telegrams cannot for anj reason be trans- 
^mitted to the Terminal Office on the same day on which they 
are handed in, the date of handing in will be added. 

Then follow the service instructions (if any), the name of 
the office of origin, and the number of words in the complete 
telegram.' 

Then any special instructions such as ‘‘Private ’A 

Then “ Reply Paid’' or “ Reply Paid— —words” (if reply 
has been paid for) ; 

*Then the name and address of the receiver of the telegram ; 

Then the break signal («««• «■ -n*. «•— «) ; 

, Then the text of the telegram ; 

Then the «break signal (•-»« « • « «»•), if the name or 
address of the sender is to be signalled; 

Then the name and address of the sender, if they are to he 
signalled; care being taken by the receiving telegraphist to 
leave a linet betw^een the last word of the text and the sender’s 
name ; 

Then the signal denoting the completion of the telegram, 


35. If the sending clerk perceives that he has made Corrections, 
an error he should stop, give the “correction in sending’ 

repeat the last word sent correctly, and 
continue the corrected transmission. 

36. On recorder, sounder, and vibrator circuits, all figures iu < 

the address and in the body of a telegram, as well as any in the 
service instructions, must be repeated in the abbreviated form 

by the sending office immediately after the completion of the 
telegram, £?ud the receiving telegraphist must be careful i 

to cornpafe the figures repeated %ith those originally sent. 

The only exception to this rule is in the case of cypher 

— i — — . , ^1^ — ^ ^ 

* T'ne word “To” printed at the left hand of the address space on the - 

telegram forms is not to be signalled. 

t When it is not possible to leave a line, a dear space should be lefc. 
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talegraras, which are speciallj treated, see pira. ^46. To 
ensure the correct receipt of mixed numbers, gro^ips of 
figures which contain both whole num])ers and fi'actions, the 
numerator of the fractional part slibald be re^peated in 
words : — for instance, ly%-, or ^ should be repeated 
“ 1 five 16 to distkiguish it from -l-l-, which should be repeated 
fifteen 16 and ^ should foe repeated as one 6.’^ Whenever 
the bar ol division is nsed with figures in expressions other 
than fractions, the figures with which it is used must be 
I’epeated in “short’’ at the end of the telegram, the 
signal » I—* M being used for the stroke, thus 


Keceiving and 
acknow- 
ledging. 


37. The receiving clerk having selected the B or C form, 
according to the prefix of the message, writes it down as each 
word in the preamble, address, and text is received, using an 
H.B. pencil for “B ” form and an H.H. pencil for “ 0 ” form. 
A convenient arrangement is to have two pencils jointed 
together hy a “ point protector.” On the conclusion of the 
message, the receiving clerk counts the words in the address 
and text. If he finds the number to correspond with the 
number signalled in the preamble he sends the acknowledg- 
ment, which concludes the correspondence. The acknowledg- 
ment consists on simplex, sounder, or vibrator circuits of the 
signal RD, and on recorder or mixed circuits of the name of 
the addressee, followed hy the signal RD. 0 

If, however, he finds the number of words is not right 
—for instance, supposing “ 16 ” is sent, bub only fifoeen 
words are received, he sends “15 W” instead of the 
acknowledgment. The sending station then sends the first 


^Obtaining 
" eorrectione. 


38. 'When the final 
seading and receiyinj 
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figui’OKS tlie spaces on tbe forms lieaded sen and 
“receii^ed” respectively. They also enter tke call signals of 
the offices to which or from which the message has been sent, 
and affix their initials. ‘ The sending clerk should enter'^in the 
corner of the message j:he canse of any exceptional delay, for 
reference in case of enquiry. 

39. The procedure in working a duplex circuit is somewhat^, 
different. The following directions will be adhered to: 

Before commencing work, the sending operator will call up ‘ 
the other office and obtain the signal ‘‘ Cr.’^ When work is ^ 
recommenced after the circuit has been clear, the signals 
must precede the message. The sending 
operator will time and fill in each message on its completion, 
as detailed in para. 38, birt will retain it until the acknowledg- 
ment has been received as described below. 

^ The receiving operator will record the name of the 
addressee in each message on a slip of paper called the “ E»D 

: slip. ^ 

Should there be no message to follow the last message sent, 
the signal' “ hr iST will be given. Should this signal not be 
received, and no message follow, the receiving operator will 
conclude that there is a fault; the sending operator at tiie 
receiving office will signal “Getting nothing from you.”^ On 
receipt of “ hTN,” “ ilD” must be sent by the receiving 
office. 

“ Totals ” must be exchanged every quarter of an hour, the 
up station taking the initiative, and each total must be followed 
by the name of the addres.see of the last message completed 
and transcribed thus : '‘ten Wilson.” If the numbers agree, 
the signal “ RD ” should be sent by each office, and the 
messages acknowledged placed on the message hie. fehonld 
the numbers, however, not agree, the names on the “ RD ” slip 
must be repeated, in order to show where the discrepancy lies. 
If one or more of the messages in the series be detained for 
correction, the total should be given less these non-completed 
messages. For example, if two messages out of a series of ten 
were awaiting correction, the acknowledgment would be 
“ eisrht Wilson.” Or, if the message last signalled were await- 
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^ Eepeiitions and corrections must be obtained at fmce. On 
missing a word, tbe receiving operator must call attention to it^ 
and tbe sending operator will — after finish' 
which is engaged — give tbe signal “ fi ~ 
the repetition or correction . On" finisfei^ 
give the signal ^ ^ _ 

message he was engaged in sending. 

40. The receipt of the telegram being completed, tbe 
telegram, if intended for re-transmission, should then be passed 
to tbe circuit over which it is to be re-transniitted. If 
necessary the prefix is altered from X to S. 

When the telegram has been re-transmitted tbe sending 
telegraphist must insert the. time at which he sends it against 
the words “ Sent at at the top of the B form, the name of the- 
office (and the number of the circuit if there be more than one) 
to which he sends it against the word “ To.” and affix his 
initials against the word ‘‘By.” The “B” form is then' 


ling the iwwdiott 
and then ask for 
his enquiry he will 
and resume the transmission of the 


Telegram 
to be re- 
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that the piessage has to be handed over to another office, and 
that therefore a duplicate must be taken. 

■ ■ ■ ■ ' " ■■ ■ ■ ■ ^ .7» 

Miscellaneous Instructions, 

. ’1 

43^ E^erj word or figure in a telegram Is to be transmitted . 
and written out exactly as written by the sender himself, with,- ' 
-out abbreviation or addition ; except in cases of obvious ' 
misspelling, when discretion is allowed. The name and 
address on the cover in which a telegram is sent out for 
delivery must also, in all cases, be written in fall. 

4i. VYhen a telegram 'occupies more than one sheet, the ' 
name of the addressee, as well as* the name of the office of ' 
origin and the code time'»must always be brought forward on 
the second and subsequent sheets. 

^ 45. Messages to be delivered to signallers for trans- 

mission to their destination will include all service instruc- 
tions. 

46. Cypher telegrams or portions of telegrams in cypher 
must he "repeated back in all cases. In repeating figure 
cyphers the short Morse numerals should be used. The repe- 
tition is made by the receiving office, and not by the sending 
office. 

47. When the sender of a telegram desires that instructions, 
such as “ Private,” “ Confidential,” ‘‘ To be opened at once,” or 
the like, be written on the envelope containing the copy of the 
telegram delivered to the addressee, he must wiite the instruc- 
tions on the A form immediately before the address. The word 
or words comprising the instructions must be enclosed in a 
parenthesis by the accepting officer, and must be signalled with 
the parenthesis immediately before the address throughout the 
whole course of transmission. 

The instructions, hut not the parenthesis^ are to be charged 
for as part of the telegram, and care must be taken that 
they are plainly written on the envelope containing the 
telegram. 

Tffie parenthesis, although not charged for, should be counted 
as a word in transmission. 

48. Special care should be used in signalling or receiving the 
following words, between the signs of which in the Morse code 
there is a general similarity : — 


Abbrevia- 

tions 

forbidden. 


Telegrams 
occupying 
more than 
one sheet. 

Telegrams to 
be delivered 
to signallers. 

Cypher 

telegrams. 


“ Private,” 
“ confi- 
dential.” 


Special care 
with certain 
words. : : 




Hall , 

Found 

^ve 

C/alls 

Your 

Will 

Wheat 

Phelps 


and Half. 

„ Pound. 
„ Have. 

„ Calais. 
,, Four. 

„ Well. 

„ What. 

„ Phelan. 


Seen an 
Give „ 
Cash „ 
Boys „ 
To-day „ 
Bad % 
Satin ,, 


and Seem, 

„ Gave. 

„ Cases. 

„ Boxes. 

' „ Monday. 

Dead.« 

„ Sateen. 
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Tlie following words, wLen written indistinctlj, ^re very 
liable to be mis-read, viz. : — 

Piece and Price. Ale and Alj. 

Seven „ Eleven. Light „ Eight. 

Seventy „ Twenty. ihiv „ One. 

Send „ Uend. Tw^o „ Ten. “ 

Close „ Clear. Bow „ Boro. 

Care must be taken that these words aie very cleaily 
■ '..written. , ■ . . 

Belays m 49. Tlie attention of the telegraph master must be drawn 

anTILnsmis- operator to any message for w^bich an EQ cannot be 

sion. * obtained wntbin half an hoi^r. Should it i hen be evident that 

the correction ivill be delayed indefinitely, the message should be 
sent forward with a footnote “ Con ection to follow,” and special 
charge taken of the form for completion later. In cases of 
abnormal delay a short note for the information of the addressee 
sbonld be made at the foot of the message, such as “ Delayed 
owing to interruptions on the line.” 

Torwardmg 5 q^ When it is necessary, owing to a breakdown, t«) forward 
messages by post or band from one office to another, they should 
^ be copied on to B or C forms, as the case may be, and tbese 
copies sent, with a list giving particulars of code, number of 
words, station from, name, station to, and number of telegrams, 
adnpluate list being retained for reference. If possible the 
authority of the Inspector should be obtained before posting 
messages. Tbe receiving office should acknowledge the receipt 
of packet and list by the quickest means possible. When, on 
communication being restored, it is found that tbe messages 
have not reached their destination, they should be repeated by 
wire, care being taken to prevent dupli(‘ation. The received 
messages should be marked Eeceived by post owing to 
interruptions on line.” 

51. It is the custom in the telegraph service for IST.O.O.'s 
and men to address Telegraph Officers in SG’s by tlieir name 
without any rank, and in correspondence by their titles, sucb 
as D.A.T, ; but they should remember that this usage must be 
confined to tbe telegraph service. In answmdng telegi ams to 
other officers the rank must be used, and in letters they must 
be addressed as Sir.*’ 

52. As considerable friction and misunderstanding is caused 
by the use of the word “refuse*’^ in coi-respondence with 
officers outside the telegraph %frvice, in connection with the 
inability of an office to accept a message owing to the addressee 
not being there, this word should not be used. Ti^^stead of 
saying “ Pretoria refuses to aftcept your message,” the expres- 
sion used should be “ Pretoria unable to dediver your message, 

so ^requests freference to sender.” Frequently the sender^ 
is in a better position to know whether tbe addressee is due 
to arrive at a given station tban^ tbe telegraph master at that 

_ R+sii-.Tinn ' . ’ S'iHiSr?.'. 
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Abstracting Messages and Forwarding Office Copies, 

53. To assist the Clearing House in checking messages and Abstracting, 
accounting with othGi* administrations, and to enable the 
telegraph master to oheqk his cash account, ail message forms 

will he abstracted da?!]j. Eacli class of fprm is abstracted on 
a separate abstract sheet each daj, commencing daily with 
No. 1 ; no general instructions can be given as to the class^is 
into which the forms are to be divided, which will depend on 
the circumstances under which the telegraph system is worked, 
but A, B, and 0 forms are always abstracted on separate sheets. 

A.F. B 118 will be used. 

One line of the abstract for\n must be taken for each 
message, and messages ^^ill be entered in the order of their 
numbering. The cash taken for paid work must be entered 
against each messnge, and the daily totals carried to the cash 
account. 

When absti'acting a multiple address message to one and 
the same station, the number of words should only be shown 
against the address containing the greatest number of words^ 

In the case of a multiple address message to several stations,, 
the number of words musC be shown against each address, 
and each address must be regarded and treated as a separate 
message (see para. 29). 

54. Whenever possible messages should be carefully checked Cheeking;, 
with their abstracts each evening, to save work at the Clearing 
House. 

55. Messages will be made up into packets daily, with their Forwarding- 
abstracts, and docketed with A.F. 0 2101. These packets forms, 
will be sent to the Inspector oi’ Clearing House daily or weekly 

as ordered. Forms should be packed flat, not rolled or folded. 

The wrappers covering the pexdodical parcels of finished 
messages should show the name of the office from which they 
emanate, together with the inclusive dates to which they refer. 

56. In eveiy case of finished messages being removed from Messages 
their place in the bundle, a form with particulars must be sub- removed fron 
stituted, and a reference to the official papers to which the bundle, 
original message is attached, or a note stating for what purpose 

it has been taken, should be added. 


Delivery of Telegrams, 

,57. Messages will take tl^e same precedence in delivery as Precedence, 
they do on tlie wires (see para. SlJ. 

58. The receiver of the message should note the time at Receipt for 
which readies him on the flap of the envelope (A.F. 0 377), telegrams, 
and should return the flap by the messenger to the office. It is 
part of the messenger’s duty to endeavour obtain receipt 
from the addressee, and be should hand the flap to the clerk in 
charge on his return to the office, who should satisfy himself 


ft 
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that therS has been no unnecessary delay on the part of the 

messenger. /'■ 

It is a good plan, if time permit, to gum tlie receipted 
envelope, or that portion bearing the reces-pt, to the back: of the 
office copy of the message to which it refers. 

59. Should it so happen that the '^addressee is not ^t his 
quarters, and that nb responsible pei'son can be found to whom 
tl?e telegram can be delivered, a notice should be left at the 
addressee’^ quarters to the effect that a teh^grani awaits him at 
the telegraph office. 

Uiideliyered A military message is invariably to be sent to the 

messages. address supplied by the sender, and is never to bi refused be- 
cause the w’hereabouts of the addressee is unknown. Eveiy 
such message which cannot be promptly delivered is to be 
referred to the Commandant or nearest staff officer. If he is 
unable to arrange for its delivery, or to advise to what office it 
should be sent, the message will be repeated to the head office, 
with an SG stating that the message cannot be delivered even 
after reference. A list of such undelivered messages will be 
kept posted in a conspicnons place in the public part of the 
office. If a message has not been claimed after it has been on 
the list for a week it will be forw'arded witli the next batch of 
messages. If it is delivered during the week of waiting the 
head office will be advised by SG. 

It is within the province of the telegraph master who is 
offered a batch of messages which he believes that he will be 
unable to deliver, to advise the transmitting office to wait till 
he has consulted the Commandant, or to advise transmitting 
office by SG of the whereabouts of addressee if he knows it to 
be at another office, in order that the address may be changed 
at the transmitting office. 

61. The greatest care is, however, to be taken about mes- 
sages for moving column, as frequently the sender is in a 
better position to know at what station the column will come 
in than anyone at that station. 

62. Every telegraph orderly on joining an office will be 
instructed by the telegraph master as follows : — 

messengers. (a) On receiving a message you are to start immediately, 
and deliver it as quickly as you can ; after which you 
are to return to the office, and upon no consideration 
are you to go off duty after the delivery of your last 
message without returning to the office. 

L (h) You are particularly cautioned against loitering when 

you are engaged in delivering messages, and you must 
always proceed on your way alone. ^ 

(c) Y ou are forbidden, unde?;’ any pretence whatever, to give 
to another orderly a message which you have received 
f 9 r delivwry; and you are forbidden, under any 
circumstances, to open a cover in which a message is 
enclosed. ° 


When 
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(d) To a are at all times, wlietlier by day ov niglit, to 
^deliver your messages personally, if possible — that is, 

to hand them to the addressee or to his representative. 

(e) Ih you have tXvo or more messages, you are to deliver 

each in its tu^n ; but if, from any cause, there is 
^ difficulty in delivering one of thepa, you are to hasten 
on Avith the others ; after which yon are to return to 
the neighbourhood and make inquiries respecting the 
message you could not deliver. If, after full inquiry, 
you are unable to deliver a message, you are to return 
with it to the office and give it back to the telegraph 
master or clerk in charge of delivery. 

{/) You must, in all cases of^^doubt as to the address of 
a message, app^ to the telegraph master or clerk in 
charge for information before leaving the office. 

{^) On the delivery of a message, you must ask for and 
endeavour to obtain a receipt for the same on the slip 
attached to the envelope in which the message was 
enclosed. 


Ditties of Telegraph Master, 

63. Every telegraph office is in charge of the senior soldier f’ontrolof 
termed the Telegraph Master, who is directly responsible to 
the officer or inspector in charge for all that concerns that 
office,'""'. , 

His duties are to — 


(1) Tell olf the personnel available in accordance with the 

wwk on each circuit and at each time of the 
day. 

(2) An-ange the duties so that the men may get their meals 

and sleep. 

{3) Exact prompt and absolute obedience from the men 
under him. 

(4) Inform his inspector, or the officer under whom he is 
working, if his personnel he too small or too large for 
the average day’s work. 

{5) Report to his inspector or to the officer under whom 
he is serving by wire if any of the personnel need 
replacing through sickness. 

64. A most careful system is requmed in the telegraph 
office to ensure that messages do not get delayed. A diagram 
of the circuity is to be hung up in a conspicuous place, and 
every instrument is to have a circuit card showing the offices 
with whJeS it is in direct communication. 

Telegraph masters are heM responsible for absolutely 
prohibiting unanthorised conversations on the lines. They will 
do all in their power to promote smooth and friendly working, 
and will afc once repoi’t any case of obstruotiou which comes to 
their notice. In eases where jt is known that there is an indif- 
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ferent operator at tlxe other end of tlie circnit, speeial^care will 
be taken to ensure slow and distinct sending, 

65. The Telegraph master is responsible for the deliver j 
of all ttjlegrams received in his office, and will be'*' proMded 
with messengers under arrangements/- rnade by the telegi^aph 
officer in charge, bai» if such arrangements have not been rmade 
he wn'll apply to the senior officer on the spot, wdio will make 
necessary ai’rangements. 

It is the duty of a telegraph master to make every 
endeavour to effect delivery of military messages to addresseeg, 
and in cases whex’e difficulty arises, he will ask for the advice 
of the nearest staff officer. {See para. 60.) 

66. Every telegraph master wdll keep a diary ia the book 
provided for the purpose.^ In it wilkbe recorded 

(1) Particulars of the morning test, 

(2) Particulars of any fault on the lines, showing time 
it came on, the time the lineman was sent out, and the 
time of clearing the fault. 

(3) The hours during wliich the office was op^n if the 
office was closed during the clay. 

(4) Anoteofthenumberof messages dealt with during the day. 

(5) A note of any undue delays in dealing wdth inessagesy 
and the cause. 

(6) Any unusual occurrence. 

Abstracting. 67. All messages dealt wn'th in the office will he entered on 
the abstract sheets A.F. B 118, received, forwarded and trans- 
mitted messages separately. The cash taken for paid work will be 
entered against each messaece, and the dailv totals carried ta 
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the cash account. 
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^handed over with tlie money, and a receipt voiiclier 
. signed by the payee a.nd attached to the account. 

(2) Civ'iiian wfiges and payments for purchases duly 

authorised. ^4 receipt will be obtained for edch pay- 
ment, and j^itf^ched to the account. The authority 
> under which payment was made will be entered. 

(3) Any payments authorised to be made on account of the 

pay of the military staff. Receipts for suck paymenls 
must be taken in duplicate, one to be attached to the 
account, the other to he forwarded to the office 
responsible for the pay list. Copies of the cash book 
with vouchers will be forwarded to the Clearing House 
as directed. When the cash in hand amounts to £5, 
it will always, nif possible, be paid over to a telegraph 
officer or to the nearest accountant. 

' 69. A telegraph master is Allowed charge pay when he ' 

has custody of cash. It is to be distinctly understood that ' 
he is to be responsible for making up deficiencies in his 
cash, wliether due to undercharged telegrams, losses, or any 
other cause. 

70. A telegraph master will make himself thoroughly 
acquainted with all orders regarding the censoring of messages, 
and will see that these orders are complied with. 

71. A telegraph master will test all circuits daily, and keep ’ 
a record of them. 

He is responsible for using all possible tests and means of 
localising a fault before sending out the lineman. 

Frequently long through lines are led in to an office for 
testing. Telegraph masters must give prompt attention to 
SG’s from the head office directing them to earth ’’ or “Bis ” 
these for test. See Chapter XIX, para. 4 et seq, 

72. Contrary to the usage of the British Post Office, the 
maintenance of instruments and batteries is in the hands of ; 
the operating staff, unless a special lineman is detailed for this 
purpose. 

A telegraph master is responsible that all instruments 
and batteries in his charge are in good order and ready for 
work. 

73. A telegraph master is responsible that he has at all * 
times a sufficient supply of stationery. 

74. A telegraph master is responsible for all Government < 

property in his office, and will keep a list of all such stores. ^ 
On a changS of telegraph naasfcer, the stores will be properly 
handed over and signed for, if possible in the presence of an 
officer ^r an inspector. # 

It is the duty of a telegraph master to look after the 
comfort of the men under him. ^ 

75. The authorised abbreviation for “ Telegraph blaster ” is 
Tel. Mr. ” ; T. M. is on no account to he used, as it denotes 

“ Traffic Manager.^^ ' ' 


» ' ^ 
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Organisation of Telegraph Offices. 

€lassi6cation.' ?6. Military telegraph offices maybe ronglily divided into 
three cfeisses, according to the amonnf and nature of their 
work, and the personnel required. The^-c 'susses are — 

(1) Large offic^ employing 10 operators and upwards. 

♦ (2) Small Morse offices. 

(8) Yibrator offices (cable lines). 

77. Yibrator offices are principally used in conjunction with 
field cable lines, and the special points of their organization and 
working ai'e dealt with in Yol. II, Chapter I. In this class of 
office one man has frequently to combine the duties of tele- 
graph master, counter clerk, delivery cderk, and operator. 

78. Small Morse offices are the ordinary offices conta'iiing 
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one or more Morse sets. 


working on air 


line or permanent 
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lines. They are usually accommodated in a tent or building. 
The full routine laid down in this chapter should be adhered 
to, except that there will seldom be separate men available for 
counter clerks, &c., and the telegraph master will tak:e other 
duties as well as supervision work. 

79. The full allowance of operators for an office of this 
class is three per key for day and night working, but two per 
key for day working is more usual. The hours found most 
convenient for single-handed offices in South Africa were 
7.80 to 8.80, 9 to 12, and 2 to 6. 

80. As a rough estimate, a single operator can deal with a 
total of 60 forwarded and received messages a day, and for 
Isjrger offices each man can deal with 100. For short periods 
of pressure many more can he dealt with. 

81. Most careful system is required in the instrument room 
to ensure that messages do not get delayed. A diagram of the 
circuits is to he hung up in a conspicuous place, and every 
instrument is to have a circuit card=^ showing the offices with 
which it is in direct communication. Files for filing messages 
dealt ^ with are to be provided for every instrument, and a 
definite place on the table near each key is to be assigned to 
messages waiting their turn to be sent, which should be 
^^^nged ill order of priority of sending. 

82. In busy offices with several sets it is convenient to 

keep a slip diary at each instrument; these are collected by 
the telegraph master in the evening, and the items entered in 
his diary, p - 

83. Office stationery in the field is carried in stationery 
nnits A and B, the former holding the more permanen^^ equip- 
ment of an ^ office, and the latter the expendable stores, 
bmtionery unit 0 holds all the stationery required for a small 
(Yihratof) office. ** 
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Volksrast 

Petersburg 

Wateryal 


84. Paras. 80-83 apply also to large offices. In a large Large offices 
office ,tbe counter and delivery staffs are completely separated 

from tbe staff of the instrument room, and each is organized 
under aff IST.C.O. or 5:^perienced sapper, who is known as the 
superintendent. In a ^arge office of 60 or 70 operates the 
instmment room sta^ is divided into thr<^e i*eliefs, each under 
a snpeidntendent, and the 24 hours is divided up between them. 

The superintendent on duty is i*esponsible to the* telegraph 
master for the control of the \vork, and for testing instruments 
and lines. 

The position of telegraph master in a large office is one of 
great responsibility, and an experienced man is required to fill 
it well ; upon his organizing powejj depend the smoothness and 
economy of working of ^he office. The rule quoted in para. 80 
as to the nnmbei* of operators required, viz., one operator per 
100 messages, holds good approximately, but for the instrument 
room staff only ; the counter and delivery should be in addi- 
tion. Messengers or orderlies may also be required to dis- 
tribute messages to the circuits and collect them for 
delivery, '’(fee. 

85. A chart of duties, carefully made out in accordance Chart of 
with the pressure of work at different times of the day, should duties, 
be signed by the telegraph master, and hung up in a con- 
spicuous place in the office. As an illustration of the way in 
which this should be done, charts have been made out as 
examples. Example A is for a very large office of 80 men, and 
Example B for one of 18 men. 

JSxmivple A. 

CONDiTIORS OF AN IMAGINARY OFFICE AT PRETORIA. 

86. Circuits terminating in Pretoria Office : — 

Johannesburg — Three double current Duplex cii'cuits. 

Working, 7 a.m. to 10 p.m., and later if required. 

Greatest pressure, 10 to 1 and 2 to 4, 

Bloemfontein — Quadruplex. Open 7 a.m, to 8 p.m. Greatest 
pressure, same as Johannesburg. 

Durban — Wheatstone Duplex. Open 8 to 10, and later if 
required. Pressure, 10 to 1 and 2 to 8. 

Capetown — Wheatstone Duplex. Hours and pressure, m 
for Dmffian. 

MiddelbaMg— Wheatstone Simplex. Hours, 8 to I and 

2 tq 6. 

Lou^nco Marques — Duplex, Hours, 8 to 1 and 2 to 8. 

Bnstenburg — S( 


OBGANISATIOS OF OFFICES. 





Rietfoiitein SC Simplex. 7.oU to b.oUj y to ^ to b. 
Eerstefabriken „ 51 -.i 

Irene ” 

Adnfinistration „ Any bour from 7 to lO. 

Pretoria Station „ Any l?t>^r. 

Staff would be r-eqaired as follows : — 

(a) T«]egrapb Master. 

(h) Clerk to Telegraph Master. 

(c) Three Superintendents, instrument room (shown in 
chart as I, II, and III). 

(fl) One Assistant Superintendent for busy hours of day 
(shown as IV). 

(e) Three reliefs of 11 Operatorsih each (lettered A to K, 
and numbered 1, 2, 3). 

(/) Two reliefs of 12 Operators each (lettered L to W, and 
numbered 1, 2). 

(g) Four Collectors in instrument room (boys). 

(ji) Superintendent of Counter. Houi'S, 9 to 1 and 2 to 5. 
He would be responsible for ail accounts. 

(i) Three Counter Clerks. 

(j) Delivery Superintendent and three Assistants. 

Koie. — g, h, % andy need not be skilled operators. 

This gives a total personnel of 81, excluding messengers, 
and the office would be capable of dealing with about 6,000 
messages a day. 

The duties are arranged so that there are only tw^o dinner 
hours, 1 to 2 for part of tbe men, and 2- to 3 for the remainder. 
The operafcoi'S on duty between 5 and 6 are replaced by spare 
men for half an hour for tea. The reliefs rotate week about, 
anff the duties are calculated at 8 hours a day. 



CHAP. XXf.J 


OliGANISATION OF OFFICES. 


Example A. 
Pretoria In^tbumext Room, 


Superinterwients. 

Assistant Superin- 
tendent. 


Johannesburg, 3 
Duplex. 


Bloemfontein, 

Quadruplex. 


Durban, 

Wheatstone. 


Cape Town,** 
Wheatetoue. 


■Pimchers. 


Slip Writers. 


Middlesburg, 

IVheatstone. 


Xoureneo Marques, 
Duplex. 

' Biistenburg, 
Simplex- 
Standerton, 
Simplex. 
Volksrust, 
Simplex, 
Pietersburg, 

{ Simplex. 

.'Waterval, « 
Simplex. 
Rietfontein, 
Simplex. 
Eerstefabrieken, 
Simplex. * 
Irene, Sim|>Iex. 

f Adminiftration, 
J Simplex. 

] Pretoria Station, 
t Simplex. 


Cl D1 El FI G-1 Hi n TJl, available for an hour, 5—6, at tea time. 
C2 P2 Q2 li2 T2, available for 2 hours each before 1 p.m., if required. 
Be’ icfs rotate weekly. ^ 




Hours 


Johannesburg ... Bl B1 Bl Bl B1 B1 Bl B1 B1 B2 B2 B2 B2 

Tolksrusfc ... Cl Cl Cl Cl Cl Cl Cl Cl 01 C2 C2 C2 C2 


Brmelo ... 

Krorodraai 

Vlaklaagte 

Stan<3iarskop 
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STAXDERTO^^ INSTRUMENT EOOM.— DuTY ChART. 


Staff required as follows : — 
a. Telegraph Master. 

h. Two reliefs of 5 Operators each (lettered A to E, and 
numbered 1 and 2). 

c. One relief of 5 Operators, to include the less experienced 

men. 

d. Counter Clerk. 

e. Delivery Clerk. 

Giving a total personnel of 18 men. 


JEJiVariiple B. 

CONDlTrONS OB AN IMAGINARY OFFICE XT vSTANBEriTUN. 
Circuits terminating in Standerton : — 

Durban — DO Dyiplex, 7-10. ^ ^ 

Pretoiia — SC Simplex, 7-1 and 2-6. 

' Johan/iesburg do. do. 

Yolksrust do. do. 

Ermeio — SC Simplex, 7.30-8.30, 9-12, 2-6. 
Greylingstadt do. do. 

Krondraai do. do. 

Vlaklaagte do. ^ do. 

Standerskop do. do. ^ 




) 


321 


appendix I. 


I!:T3TE,UCTI0NS EEGARDING FOREIGK AND COLONIAL 
TELEGRAMS. 


1. It will frequently be necessary for special prefixes to be used, Prefix, 
denoting the route by which cablegrams should be sent. This will be 

<i matter for local arrangement by the telegraph officer in charge. 

2. In inward foreign and colonial telegrams the code time (which Code time in 
is inserted at the handing-over office, and must not be confused with inward 

the actual time of handing ki at the office of origin abroad) must be telegrams, 
signalled to the delivery office, but only the time at which the telegram 
is handed in at the office of origin (as telegraphed in the service 
instructions) should appear on the delivered copy. It must be inserted 
in the space provided for it on the form. 

The code time inserted at the handing-over office, besides indicating 
the order of transmission, serves to identify inward telegrams in any 
•communication between that office and the office of delivery. 

3. Foreign and colonial telegrams are charged for at a certain rate Rates of 
per word (every word being charged for, whether in the address, text, charge, 
or signature). Tables showing the rates must be supplied locally to 
offices dealing with paid work. 

4. When there are two or more routes available, the sender must Route, 

he asked to select one of them, and to write it down at the foot of the selection of. 
form ; and the route selected must be entered in the service instruc- 
tions, and telegraphed, but not charged for. 

5. Telegrams may be written in plain language or in secret Classes of 
language, the latter including : (1) code language ; and (2) letter or telegrams, 
figure cypher. 

6. Telegrams in plain language may be sent to any country. Plain 
Certain countries refuse telegrams written wholly or partly in code language, 
language, or in cypher. Telegrams in plain language are those which 

offer an intelligible meaning. They may be expressed in one or more 
of the principal European languages, in certain of the extra-European 
languages (Annamite, Arabic, Armenian, Japanese, Malay, Persian, 
and Siamese), or in Hebrew or Latin, The words must be written in 
Roman characters. 

Numbers written in figures, groups of figures used in commercial 
marks, groups of letters forming commercial marks or commercial or 
other anaiog^ous expressions in current use, can be employed in plain 
language teiegrams. Such expressions are not considered as cypher, 
although they are charged for at the rate of 5 figures or letters to a 
word. (See para. 25.) 

7. — (a) Cod^ language is composed of real words not forming Code 
intelligible phrases or of artificial words having the appearance of language, 
real worck. The words, real or artificial, must not exeeea 10 letters 

in length,^ The real words may be’^rawn from any of the following 


\ 




5 . ' 


I I’; 


I 1 

! A 


In reckoning the maximum number of letters, Ch ” and the German 
modified vowels a, o, and H are counted as one letter each. The modified 
vowels d, and ii are signalled respectively as ae, oe, and (see ^Iso 

fi258) _ . ■ ' ' 







322 rOEEIGJI TELEGBAMS. [APPEXDIX I. 

r ■ ■ ■ ■ ■ ■ ■ ^ r" ■ 

laiieiia^es r—Englisli, French, German, Italian, Spanish, Portuguese, 
Dutch, and Latin ; whilst the artificial words must he prououuceahle 
according to the usage of one of those languages. . , . , 

(f>) Ifi applying the test of pronoun eeabi^t}^ to artilicial ^vords used 
as code, a liberal attitude should be adoptef. towards tlie public. The 
intention of the test i%,to exclude pure cypner(such as \vpt.gahd)^miid.e 
up without regard to the rules of imonunciation. 

(c) If a sender asserts that expressions are pronounceable wdiicn do 
not appear so to the counter clerk, the telegram should not be refused, 
but the attention of the telegraph officer in charge should be called to 
the matter by means of a slip attached to the A form. 

(d) Expressions which are undoubted unpronounceable, fall into 

the category of cypher, and must be counted at 5 letters per word. 
(See paras. Sand 25.) , 

(c) Expressions formed by the running together of two or more 
real w^ords contrary to the usage of the language must not be used 
as code words. Telegrams containing such expressions must be refused 
unless the sender is willing that they should be separated into their 
component parts and charged for accordingly. 

g. — ((x) Cypher language is composed of groups of letters or figures 
having a secret meaning. It also includes groups of letters wdiich 
cannot be pronounced according to the standard for cede words 


Cypher 

language. 


Combination 
of different 
kinds of 
language. 


PE 
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■ 
f 

1 . 

■ 
« 


I)epof?it for porterage paid, with notification by 

^ \>o^t {E A' prh pa 4 lettre) XFP 

Telegram to be called for at a telegraph office 

^ {Tehkjraph7^.stani) 

Telegram to be ctllecl for at a post office (Pos^^ 

restante) ^ 

Telegram to be called for at a pdSst' office, 

vegmtared {Fosta restante Teco7nma7id43) ... GPE © 

Telegram with multiple addresses ( " 

adresscs) TM—"^ 

Telegram not to be delivered during the night 

time (./oter) ... ... ... ... j 

(h) These authorised abbreviations are chargeable as one word 
each. They should ])e placed betwee"n hyphens or daslxes, wliicli are 
used as a sign of separatiC^n. The hyphens or dashes are to be trans- 
mitted but not cliarged for. 

(c) If the instructions are expressed otherwise tliau by the autho- 
rised abbreviations, they should be written in French or in the 
language of the country of destination, and are chargeable according 
to the number of words used : but the attention of the sender 
should ijj. that case be called to the fact that the abbreviation may be 
used. 

(d) Special instructions, for wliich there are no authorised abbre- 
viations, may also be used, as for example, To be opened at once,” 
‘‘Private,” “Confidential,” “To await arrival,” &c. These instruc- 
tions should he written in French (“Ouvrir immediatemeiit,” 
“Prive,” “Gonfidentiel,” “ Attendre arrivee”) or in the language of 
the country of destination. They are charged for according to the 
number of words used. They should precede the address, and be 
placed between hyphens or dashes. The hyphens or da>shes are 
transmitted but not charged for. 

(e) The instruction “urgent” (or its equivalent in German,, 
“driugend”) must not under any circumstances be accepted either in 
front of, or in, the addi^ess. 

(/) The word “immediate,” or its equivalent in another 
language, may be accepted before the address, as an instruction for 
the guidance of the addressee, but the sender should be informed that 
the use of this word does not secure any priority of treatment either 
in transmission or delivery. 

(y) In the case of multiple address telegrams (see paia. 37) 
instiiictions of this kind should he written in front of each adch^ess 
to whicli they apply ; but by way of exception instructions for repe- 
tition — TC — need precede the first address only. 

11. Tli§ name and address of the sender must be charged for if ! 
they ate to be tonsmitted. In any case, the name and any address * 
must appear at the foot of the form. 

12. -(a) The address of every telegram must contain at least two . 

words. Wh^i it is expressed in two words, the first should 
designate Uie receiver, anjJ the second the name of the telegraph office 
of clestii^afcion. ^ 

(b) The name of the telegraph office of destination should he 
written in the form in which it appears in the first column of the 

* Here insert number of addresses (for example, “ TM 5,” the :^}iole 
expression counting as one word). • 

^(1258) . 3: 2,; 


Sender’s 

address. 

Addresses* 




B *', ■*' . . 

-M’ ’ > ’ , 


i.sr'i' 


i BM i 

l ^P 

; fHJwi 







* In all references to the International List of Telegraph OiTices in this 
Appendix the annexes to that List issued from time to time are included. 

t The rule that the name must he written as it appears in the first 
column of the International List is to be read subject to the remarks in the 
preface relating to — 

(1) Alternative names shown in italics. In such eases one name only 

should be used. 

(2) The mode of spelling adopted in the case of names beginning with 


the word “ Saint or its equivalent, under which, for example, 
St. Johns appears as S, Johns, but may be written as St. Johns or 
Saint Johns. 

(3) The addition of the definite article The, le, la, &c., in cjertain eases 

as, for example, Lizard (The). In such oases the article may be 
omitted. 

(4) The descriptive designations, sjich as “ lie de ” (Island of) inserted 

in brackets after the name of certain offices sfs, for example^ 
Aegina (lie de). If used, these should he prefixed tf» the name, 


Aegina (lie de). If used, these should he prefixed tf» the 
but they may be omitted. ^ ^ 

It should also be noted that, dashes, commas, full-stops, apostrophes, and 
accents are to be disregarded, the whole expression being signalled as one 
word withcTut break. An exception must, however, he made in the case of 
; the (xennan modified vowels c?, o, and w, which must be signalled as oe, 
and ^ respectively as prescribe in para. 18 — ^for example, Barendorf , which 

j|^:r^^idled,.ag|'''''Ba®ren^ "" 

_ , .! 
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International List of Telegraph Offices * and when so writtervf it is in 
all cases (-whatever the number of words or letters which it contains) 
chargeable as one w^ord only (para. 20). 

(o) In* telegrams for a place bearing a nanfe common to fnore than 
one locality, the indication (if any) of the n|Une of the country, state, 
province, or district -which follows the name the place in the^ first 
column of the International List, must be added in the ad'lress. 
THhs indication is transmitted without cost to the sender. If no 
indication is* given in the first column of the List, the name of the 
town is sufficient in itself to distinguish it from other places of the 
same name, as only one town of each name appears without such an 
indication. For example, the name “Orleans’’ alone, as entered in 
the first column, is sufficient in the case of telegram.s for the town of 
Orleans, which is described in the second column as situated in the 
Department of the Loiret, in France, while the names of the places 
named “Orleans ” which are entered in the^ first column as “ Orleans 
Illinois,” “Orleans Indiana,” “Orleans Massachusetts,” “Orleans 
Michigan,” “ Orleans Nebraska,” and “ Orleans New York,” respec- 
tively, should appear in that extended form in the address, and when 
so written are chargeable as single words (para. 20.) 

(d) If the sender wishes to add the name of the country, state, 
province, or district with a view to avoid confusion with another 
place of the same name, he should be informed that it is unnecessary 
to do more than insert the indication (if any) appearing in the first 
column of the International List. If he insists, no objection should 
be made ; but the name of the country, state, province, or district 
{being added unnecessarily) must be charged for. For example, if he 
Insists upon describing Orleans in France as “Orleans France” or 
Orleans Loiret ” the name will be chargeable as two words (para 20). 
If he insists on giving it as “Orleans Loiret France” it will be 
chargeable as three words, the names of the province and country 
being charged for separately (para. 20). 


p 
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’ (®) The^oiuposite names inserted in the first column of the Inter- 
nationa> Lxst must m order to pass as single words, he written exmth, 
m tile f 01 111 appear in that column. For example, 

A mena i,n the state of Lippe-Uetmold, which is entered in the first 
cohxtan as Ahneiia Demschland,” should be so described in telegrams 
and not as Alinena C^ei Vany.” In cases where the indication added 
to tke name of the town is not given in the -^English langiia<re (as in 
the above case where ‘ Deutschland” is used and not “Gemany”), 
or IS expressed by an abbreviation, the meaning of which is not jSblf- 
evident (as in the case of ‘‘Alma Oun” for Alma in the district of 
Oiineo in Italy), the ti’anslation or explanation appears in the pi’eface 
to the List. ^ 

. name of the country, state, province, or district (where 

this IS used by the sender, although not appearing in the iirst column) 
should bo written as it appears in the second column of the Inter- 
national List, or in the al^iernative form shown in the preface to that 
List. In that case it is chargeable (whatever the number of words or 
letters which it contains) as one word onl v (para. 20). For example, when 
the name of the country is added in a telegram for Sydney in New 
South Wales (which stands without supplementary indication in the 
first column simply as “Sydney”) it may be written as “Nouvelie 
Galles du Sud” (the form given in the second column) or as “New 
South Wales” (the form given in the preface), the whole expression 
“ Sydney Nouvelle Galies du Sud” or “Sydney New South Wales,” 
counting as two words, 

ig) The sender should, in his own interest, be invited to write the 
names in the manner shown in the foregoing paragraphs. If he 
insists upon writing theni in a different form, the telegram may be 
accepted at his risk. But in that case each name must be charged for 
separately. The name^ of the country, state, province, or district 
cannot be combined with the name of a telegraph office otherwise 
than in strict accordance with the form in which the whole expression 
appears in the first column of the International List. 

(A) When a telegram is handed in by a person other than the 
actual sender, and the instructions of the latter cannot be readily 
obtained, the telegram may be accepted notwithstanding that the 
address is not written in exact conformity wdth the particulars given 
in the International procided that there is no doubt as to the office 
for which the telegram is intended. If the discrepancy consists in the 
addition of the name of the country or province, or both, to a town 
which stands without sup])leinentary indication in the first column (as, 
for example, “Orleans France” “Orleans Loiret” or “Orleans Loiret 
France ” instead of “ Orleans”), the additional name or names must be 
charged for separately. If the only discrepancy consists in the use of 
a supplementary indication differing from that shown in the first 
column df the List (as, for example, “ Almena Germany ” or “ Aimena 
Lippe Detmold” instead of “Almena Deutschland”), the accepting 
telegraphist may alter this indication so as to bring it into conformity 
with the Ii^ernational List, sthd thus render the whole expression 
chargeable as a single word. Great care should^ however^ he taJcen not 
to 'nmhe such dlteratiori^ unless it is quite certain that the office which 
appeS’s in a ghenform in the International List is that which is really 
intended. If there is any uncertainty on this point the telegram can 
only be accepted at the senders’ risk and each n^me must be charged 
for separately. 

(i) In the case of islands which appear in the first column of the 












of origin. 


Abingdon in Berksliiie 
A rroob r in T)ii mbfi T’i'mi < 


appear as ‘‘Abingdon England” 
ill appear as “Arrochar Scotland” 
appear as “ Bandoii Ireland ” These 
Bctivelj as “Newjjort” “Newport- 
Ellingtonnorthiimberland ” “ Abing- 
^ and “ Bandoni reland 
id military sub-oiiices which do not 
3 of telegraph offices, the names of 
> be given as the office of origin, 
ead office in the form in which the 
xl List : thus, Baxenden, a town sub- 
lescribed as “ Baxenden AcOrington ” 
L the International List simply as 
town sub-office in Alexandria in 
“Bcnhill Alexandria Scotland” as 
International List as “A^lexandria 

■ Ifrge towns, the name of the street 
hich the addressee resides should be 
cannot be furnished, the profession, 
e, or similar information, should be 
t contain information sufficient to 
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Internationa List (such as Bermuda, Turks Island, Barbados), the 
name of the island is regarded as sufficient ; but in the case of other 
islands (those, namely, which contain more than one telegu'aph office), 
the name of the office of destination must appear in the^ address. 
Hence telegrams addreased, for example, to “ Ji^ilson Cyprus'' “ Brown 
Ceylon” “Smith Jamaica” “Jones Newfoundland” or “Eobinson 
Mauritius” must nob b%accepted. Neither can telegrams bearing as 
the sole address the name of a country (as, for example, “Jones 
Venezuela ”) be accepted. 

(/') If, in* the case of telegrams addressed to a place bearing a 
name common to more than one locality, the sender declines or is 
unable to state which office of the name is intended, the telegram can 
only be accepted at his risk, and where the rates to the several places 
of the name are different, the higher or highest rate must be charged, 
the words “higher rate paid” oi’ “highest rate paid” being in that 
case entered in the service instructions and telegraphed. 

(1) Telegrams for places not in the International List of telegraph 
offices may be accepted at the sender’s risk if the name of the country 
appears in the address. In that case the names of the place and 
of the country of destination must each be charged for sepjarately. 

(w) Whenever a telegram is accepted at the senders risk, the 
words “ Sender’s risk ” must be inserted in the service instructions 
and telegraphed, but not charged for. In such cases no cdlnplaint 
respecting the fate of the telegram is entertained, and the sender 
shuuid be informed to that effect before the telegram is accepted. 

Name of office 13. — {a) In outward telegrams the office of origin is to be indicated 


in the preamble by the name given to that office in the International 
List, accompanied by any supplementary indication following the 
name of the office in the first column of the List, the whole being 
signalled as one word without break. For example, Newport in 
Monmouthshire will be indicated as “Newport,” while Newport 
in tlie Isle of Wight will be indicated as “Newport Isle of Wight” 
Beeston in Yorkshire will appear as “Beeston Yorks” Ellington 
in Northumberland will appear as “Ellington Northumberland” 
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enable tlit? terminal office to effect delivery without difficulty are 
forwardiicl, but in case of non-delivery the sender must bear the con- 
se(|nences. The addresses (excepting, of course, the name of the 
addressee) should be in French or in the language of the country 
of destiiiEuioiL In the'^se of telegrams addressed to one'^persoii at 
the house of another, \v|LOse name is also given, the -woi'd “ chez 
(car<^of) or an equivalent expression in the language of the country of 
destination should be inserted between the two names. The same 
course should be followed if the name of the addressee' is prefixechto 
a registered address. It is undesirable to use tlie expression c/o as 
the equivalent of “ care of,’^ as its meaning is not universally under- 
stood. Senders of telegrams should be warned accordingly. 

If the sender declines to insert ‘‘chez'^ or an equivalent expression 
in such cases, tlie telegium must only be accepted at his risk (see 
para. 12 (m)). , 

15. Telegrams whicdi f|o not contain any text may be accepted for Telegrams 

transmission. without text. 

16. — (a) The sender or receiver of a telegram may cause enquiry to Enquiry or 
be made, or instructions to be given respecting it, by telegraph. He correction, 
may also, with the view of rectifying errors, have the telegram repeated 

wholly or in part, either by the delivery or sending office, or by an 
intermediate office. 

(5) For these objects he must pay the following amounts : — 

(1) The price of a telegram conveying his request. 

(2) The price of a telegram for the reply, if a reply by telegraph 

is required. 

(c) Every telegram exchanged hetween two telegraph offices at the 
request of the sender or addressee is to be regarded as a j^aid service 
message, charged for according to the ordinary rates and prefixed ST. 

In such messages the name of the office of destination and the name of 
the office of origin (which is used as the name of the sender) are not 
charged for. 

(d) The sender may prepay the cost of a reply to an ST telegram 
making enquiry or giving instructions. He must necessarily do so in 
the ease of an ST telegram asking for repetition with a view to 

rectifying supposed errors. In the former case the instruction EP 

(stating the number of words paid for in the reply) is charged 
for, but not in the latter. The number of words to be paid for in 
the reply is arrived at by adding one word, for the name of ' the 
addressee, to the number of words which the text of the reply will 
contain. When the reply repeats part or the whole of the original 
telegram, its text will only need to contain (in addition to the name of 
the addressee) the words repeated. 

(< 3 ) A paid service message must be transmitted in the form of a 
service message, that is, with the name of the office of origin as the 
signature only. These messages take precedence as S.G.’s. 

(/) Eepiies to inward ST telegrams must also be prefixed ST. 

(1) Correltions of ‘Text. 

17. (F<%rm to^be used hen the sender discovers that he has made Examples of 

an erro^ in the original telegram.) . corrections 

ST Hamburg vi^ ' . . 

° , enquiries# 

L twentysixth Schulz replace third 20 by 2000 , ^ 

‘ . Bew^ury , 

{Qhargeable as 8 words--B^^ para. 16.] . '«Si 



' A 
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In this example indicates the position in the^text of tfie 

original telegram of the word which the sender wishes to rertify. It 
is in fact the third word. “L” denotes the code time of the original 
telegram, ^‘twenty-sixth” the date, and “Schulz” the nai^ie of the- 
addressee*; and similarly in the other exampj^ which foil owl 


^2) Corrections of Text, '' 

•(Form to he used in cases where the sender learns from the 
addressee that a mistake has been made in transmission which renders, 
the telegram -unintelligible). 

ST Hamburg vnl 

L twentyfirst Muller read third 66 

* Kormanton 

[Chargeable as 6 ivords — sed^ i^ara. 16.] 


(3) Corrections of Address, 

(Form to be used when the sender -wishes to correct or complete 
the address of a telegram which has failed to be delivered. Fara. 32.) 

ST Paris vi4- ^ — ■ ■ " 

hi twentysixth Dubois deliver 102 Eue Eoyale 

Dewsbury 

[Chargeable as 7 words— see para. 16.] 


(4) Request for confirmation of delivery of a telegram, 

ST Hambui'g vi4 EP 5 — 

El twentyfirst Schmidt confirm delivery 

"Wakefield 

[Chargeable 11 words including 1 word for the indication — RP 5- 
and 5 for the number of words in the reply.'] 

The reply to such an enquiry takes the following form : — 

ST Wakefield 

Schmidt delivered twentyfirst 5.30 p.m. 

Hamburg 


{b) Request for repetition, ivhole text only. « 

ST Hamburg vi4 EP 9— 

ELX twentysixth Simon repeat text 

Blackbuin 

[Chargeable as 14 words: 6 in the message plus 9 for the reply — ^see 
parafie.] 

18. In plain langfiage, the maximum number of letters allowed to 
pass at the charge for a single word is 15, any excess being charged 
for atr^h^ rate of 15 letters to a word. 


■ 
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' In code language, the maximum number of letters allowed to pass 
at the chc^rge for a single ■word is 10. Words or expressions of more 
than It) letters in length, when used in a code sense, are not accepted 
otherwise Jhan as cypher at 5 letters per word (para. 8). 

“Ch” and the (lernW modified vowels a, and il are each 
counted as one letter ex^pt when they occur in groups of lettei's 
charged for at 5 letters to the word (para. 25), ^hen they count as two 
letters each. The German modified vowels d', o, and ii must be 
signalled respectively as as, os, and we. , ^ 

19. Words in plain language (including proper names in their Mixed 
natural sense) in the text of a mixed telegram (composed of words in telegrams, 
plain language and words in code language) must be charged for at 

the rate of 10 letters to a word, any excess being charged for at the 
rate of 10 letters to a word. If the telegram contains also a part in 
cypher, this part should be charged few in accordance with para. 25. 

If a telegram is composed ]javtly of plain language and partly of 
cypher, and does not contain code language, the words in plain lauguage 
are cliarged for at the i*ate of 15 letters to a word. 

20. The following must be charged for as single words : — Counting. 

(a) In the address of every telegram the name of the telegraph 

office of destination, including any indication of the country, 
state, province, or district added in the first column of the 
International List to distinguish it from other offices of the 
same name ; also the name of the country, state, province, or 
district in which the office of destination is situated, when 
such a name (although not appearing in the first column) is 
inserted by the sender (para. 12, paras, d and V). These 
names, whatever the number of words or letters ernploj^ed to 
express them, must in the address be counted respectively as 
single words. But in order that they may be so comited, it 
is essential (1) as regards the name of the telegraph office 
of destination that it should be written as it appears in the 
first column of the International List with the proper supple- 
mentary indication (if any) appearing in that column, and 
(2) as regards the name of the country, state, province, or 
district (where such name, as not appearing in the first column 
of the List, is charged for separately) that it should be written 
as it appears in the second column of the List or in the alter- 
native form shown in the preface to the List. 

For examples, see paras. 12 and 26. 

The component parts of names (including any supple- 
mentary indication appearing in the firs^t column of the 
International List) counted under the above rule as single 
words must be joined together by the accepting telegraphist, 
and the whole should be signalled without break, thus 
“iRiodejaneiro *^Nouveiiegallesdusud” “ Newsouthwales’^ 

“ Abbeviilesouthcarolina “ Alburynewsouthwales Al- 
menadeiitschland ” and “Almacun” 

(5) Each separate letter and figure ; 

(o) An underline : 

{d) Jhe two signs used in forming a parenthesis ( ) ; 

{e) Inverted commas : ^ 

If) Sender’s instructions written in the abbreviated form as given 
in para. 10. ^ 

The hyphens used to enclose the instructions “ EP,” ‘‘ TC,” &c. (see 
para. 10) are neither charged foi;nor counted. 


Punctuation. 


Full stops 
after initial 
letters. 


Compound 

words. 


Hamas. 
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21. Signs of punctuation (other than full stops, liypheflSj or dashes 
forming y>arts of groups of figures oi‘ letters, para. 25) are trwismitted 
free of charge in European telegrams if the sender makes a -special 
request for tlieir transmission. In the absence of such a request they 
are not ti’ansmitted. If the sender mak^no remark, fo is to be 
assumed that he does not wish them to be i^insmitted. 

In Extra-Europeam telegrams such signs tif punctuation ar^ only 
transmitted if the sender pays for them as isolated figures or letters. 
(Pura. 20.) 

22. Full stops are sometimes used after initial letters as an indica- 
tion that such letters are to be transmitted separately, as, for example, 
H.M.S. standing for “ His Majesty’s Ship.” In such cases they need 
not be transmitted, bat tlie letters must be charged for and trans- 
mitted as separate words (para. 20) as, for example, H M S. If the 
sender wishes such an expressi(jn to pass as a single word in the text 
(in accordance witli para. 25) it should be^ transmitted in a group as 
hms without full stops. In the address^ letters foi'ming such 
expressions must always be written and transmitted as separate 
words (para. 25). 

23. — {a) Two or more words joined by hyphens are charged for as 
so many separate words, as are also words sepaiated by an apostrophe. 

(5) Ordinary compound words are, however, passed as single 
words, subject to the limit of 15 or 10 letters, as the casfe may be 
(para. 18), provided their employment is authorised by the usage of 
the language, and that in the telegram they are written without 
break or hyphen. Thus the compound word “ Post-office,” being 
authorised by the usage of the English language, is counted as one 
word if written as “ Postoffice ” ; if written as “ Post-Office” (with 
a hyphen), or as ^‘Post Office” (with a break) it is counted as two 
words. 

(c) Combinations of words written together without break or 
alterations of words contrary in either case to the usage of the 
language to which such words belong (other than the special classes of 
combinations admissible under para. 24) are not admitted. 

((i) As in inland telegrams, the abbreviated expressions “can’t,” 
“ won’t,” “ don’t,” “shan’t,” and “couldn’t,” &c., are passed as single 
words. They niust, however, be written without apostrophe as 
“ cant,” “ wmnt,” “ dont,” “ shant,” and “ couJdnt.” 

24. — («) Subject to the limit of 15 letters, names of towns, 
countries, or provinces and places (when not already admissible, in the 
address only^ as single words, whatever the number of words or letters 
employed to express them, under para. 20 (a) ) ; family names, names 
of squares, boulevards, streets, and other public places,* and names 
of ships, are to be charged for in the text, addresw'?, or signature 
according to the number of words used by the sender. Thus the 


* The w'ords street,” square,” &o., or their equivalents in other 
languages are not considered to form part of the name of the street or 
squio-e, and cannot be combined, contra:i7 to the usage of th% language, with 
BuolT. names so as to form a single chargeable word. Thus, in tlie combina- 
tion " Hewoxfordstreet,” “ Newoxford,” being name of tlie street, is 
counted as one word, wKilel the vifprd “ street ” must be chafged for 
separately. Similarly, in the combination “ ruedelapaix,” the word “ ime ” 
must be charged for separately from the name “ delapaix.” On the other 
band, the combinatidSi “ Heumarktstrasse ” is counted as one word, it being 
in accordance with the. usage of the Oerman language to writo the word 
“ str?t*"o” in combination with the name “ JSeumarkt.” 
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uainn “New Vork” if written as “New York” or as “New-York ” (m 
. to hyphen* see para. 23) is counted as two words ; but if written as 

Newwik It m couuted as oue word. 

Sirnilarlv the name “ De la Rue” is counted as three word.s, if so 
written ; but if written \Vthc.ut break as “Relarue” it is coSnted as 

one wore!. _ \ 

(&).,Such names, if tised in tlieir natural .sense in the text of 
telegiums in codo-langii.-ige, may be similarly combined ; but in that 
case they are ciiargeable at 10 letters per word, under para. 19. » 

{[r) "Whole, ft actional and decimal numbers may be written in 
words without break or hyphen (a.s, for example, “ twoandahalf ”) ; 
and 111 that case such exjiressions are chargeable at 15 letters per 
word, except in the text of code telegrams in which they are cliar<‘<‘e- 
able at 10 letters per word luuler para. 19. 

(d) This exceptional counting doe^ not apply to the names of 
horses, liotels, railway sta^oDs, or mines, which must in all cases 
be counted according to the number of words of which they are 
composed. 

• (e) Compound names and expressions used as abbreviated 

addresses, such as “ GrandhoteJ,” should not be accepted as single 
words, save on the express assurance of the sender that they aie 
really registered as such. The attention of the telegraph officer in 
charge should be called to any such cases by means of a docket 
attached to the “A” form. 

These instructions also u-pply to registeied abbreviated addresses 
occurring in the text, as, for example, in a telegram reading : “Tele- 
graph to Grandhotel Paris to reserve rooms.” 

(/) Corresponding expressions used as part of a full adebess 
(as, for example, “ GrandhoteP; in such an address as “ Smith Grand- 
hotel Avenue de TOpera Paris ”) should in no case be accepted as 
single words. 

25. — (a) Groups of letters forming letter cypher (para. 8) ; groups Cypher, . 
of letters fonning commercial marks or commercial or other analogous 
expressions in current use (pa,;ia. 0 and examples in para. 26), and 
groups of figures are charged for at the rate of 5 letters or figures to 
the word, any excess being charged for at the rate of 5 letters or 
figures to a word. Letters and figures (in cases where a mixture 
of letters and figures in one telegram is not 23rohibited under para. 8) 

‘must not be considered as forming one group for purposes of counting 
except in the cases specified in paragraph (c). . Por examyde, ch23 ^ ■ , 

(a commercial mark) is considered for purposes of counting as two • 
groups and charged for as two words. 

(5) This method of counting (at 5 letters to a word) does not apply 
to improper combinations or alterations of words accepted inadver- 
tently in contravention of para. 23. Every care should be taken to 
avoid the a<!fce 2 )tance of such combinations or alterations, but- if they 
should be accepted inadvertently and the error be subsequently dis- ' ; 
covered, the sender should be required to pay for the" words in the ; 

same manner ash if they had been ;^operly written. ' ' 

(c) Full^tops, hyphens or dashes, and bars of division are each 
counted as a figifi*e or l^ter in the group in which they occur. 

Ordinal flumbers expressed in figure# and letters and combinations of 
figures and letters representing the number of a house must be '• ■’ 

. counted at the rate of five characters to a word the letters being’ ^ 
reckoned as figures. For example, the English ordinaL number 
17th” (4 signsX the Fi'ench ordinal number “ 17me” (4 sigos)^nd ‘ “i” v 

i;;:-: • ^ ^ ' ■ . , - 




if 


M 

H 

■ 




S32 FOEEiaK TELIGBAMS. [APPENDIX I. 

the German ordinal number “17ten^’ (5 signs) are each "'counted as a 
single word, as well as such combinations as 15A,'' “ 12bis/’ when 
■Qse'd to denote the numbers of houses. 

Groups of letters must on no accent be accej^ted in the 
address! Ail letters other than those forjifing names or words must, 
in the address, be separated, and paid for ip one word each, para. 20 (b). 
They are then transmitted as separate words. Tor examples, see 
para. 26. 

Examples of * following examples show how the rules as to the 

counting. counting of woi’ds, &c., are to be interpreted : — 


Names op Towns, Counteies, Peotinces and Places (Paras. 20 and 24). 


— 

Number of Words. 

• 

<r ■ 

Number of Words. 

In the 
Address. 

In the 
Text or 
Signature. 

In the 
Address. 

In the 
Text or ^ 
Signature. 

New York . . . . 1 

1 

2 

Lippe Detmoid . . 

1 . 

2 

New-Yorh , . . . j 

1 

2 

Lippe-Detmold . . 

1 

2 

Newyork 

1 

1 

Lippedetmold'^ . , 

1 

1 

Frankfurt Main . . ; 

- 1 ^ 

i 2 

Abbeville South Carolinaf 

1 

3 

Frankfurt- Main 

;■■■ 1 

2 

Albury New South Walesf 

1 

4 

3?rankfurtmain^ 

i 

1 

Almena Beutschlandf . . 

1 

2 

Eio de Janeiro 

1 , 

3 

Alma Cunt 

1 

■ 2 . 

Eiodejaaeiro’*. . 

1 

1 

Acampo CaUforniaJ 

2 

2 


General. 



Number of 
Words. 

— 

eg 

O 

l2i 

' 

Eesponsibilily* (14 characters). . 

1 

Johns (without apostrophe) 

1 

Kriegsgeschichten’*^ (15 characters, “ ch ” 

1 

A-t-il 

3 

counting as one character) 


Atil (contrary to usage of language) . . 

3 

Incomprehensible (16 characters) , . 

2 

C’est it dire 

4 



Oestadire (contrary to usage of language) 

4 

HyfJh&u and Aj>ostrophes (ji&m, 2$), 

. 

. 

Post-office 

2 

To-day .. .. .. 

:■ 2 

Postoffice (without hyphen) , f 

1 

Today (without hyphen) . . 

1 

Porte-monnaie 

2 

Aujourd’hui .. .. .. .. 

2 

Portemonnaie^ (without hyphen) 

1 

Aujourdhui (without apostrophe) 

1 ^ 

Grand'jj^^re 

2 

JoWs .. .. .. .. .. 

2 

Grandmfere (without apostrof)he) 

1 


' 

# . ^ 



If used (in its natural sense) in the text of «>telegrani containing code, to’be charged 
for as one word more than the number given above, being coiinted, under para. 19, at the rate 
of 10 letters to a word. 

*1* Name of o£B.ce with^ name of Country or province appeaiinfir in the first column of the 
International List. , = 

X Name of offi<»^ith name of country or province not appearing in the frst column of 
the International List. 
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■“ A 

eg 


!Z5 





Family Fames (para. 24). 


Numbers written $tt Length \para. 24). 


Tan de Brande .. ** 

3 

Two hundred and thirty four , . 

5 

Tandehrande^ . * . , , * 

1 

Twohundredandthirtjfour* (23 chamc- 

2 

Ton Biilow 

2 

ters) 


Tonbuiow.* 

1 

Deux cent trente quatre. . 

4 

•DuBois; . ■ . , ■ .... . , 

2. 

Deuxeenttrentequatre (20 characters) . . 

2 

Dubois *• . . 

1 

Two thousand one liundred and ninety 

7 

De lU' Bue.,, ^ ■. - ■ .. 

3 

four 


Delarue ■ . . , . 

1 

Twothousandonehundredandninetyfour* 

3 



(34 characters) 




Three-eighths 

2 

Names of Squares, Boulevards, Slreeis, 


Threeeightlis* .. .* 

...I . 

^c. (para. 24). 


Dreiviertel*' 

1 

"" , 


Deux tiers. . 

2 

Belgrave Square . . 

2 

Deuxtiers . . . . . . , ♦ # . 

i 

Belgravesquare (contrary to usage of 

2 

Two and a half . * . , , • 

4 

language) 


Twoandalialf* . . . . . < 

1 

Hyde Park 

2 

Trois deux tiers .. 

3 

Hydepark (contrary to usage of laii- 

/ma frA I 

2 

Troisdeuxtiers* .. .• .. 

1 

guage; 

Hydepark Squaref 

2 

Figures and Signs or Letters, ^c. 


Hydeparksquare (contrary to usage of 

2 

(para. 25). 


language) 


44i (5 characters) t 

1 

St James Street . . 

1 ^ 

“4473 j) • • • • * • j 

1 

Saintjames Street 

! 2 

444| (6 characters) J .. .. •.] 

2 

Portland Place • • 

: 2 

44472 „ 

2 

New Oxford Street . . , , 

3 

444.5 (5 characters) * , . • • . i 

1 

Newoxford Street 

2 

: 444.55 (6 characters) .. 

2 

Newoxfordstreet (contrary to usage of 

2 

i 44/2 (4 characters) . . . * . . 

1 

language) 


. 44/ (3 characters) . . . , , . 

1 

Bue de la Paix 

4 

' 2% (4 characters) , . . . . . | 

1 

Bue delapaix 

2 

i 2p% .. *• «« .. 

3 

Buedelapaix (contrary to usage of lan- 

2 

54-58 (5 characters) .. .. < 

1 

‘g’^age) 


54/58. „ 

1 



17th (4 characters) .. .4. ♦- 

1 



The I7th (one word and a group of 

i 2 

Names of Ships (para. 24). 


4 characters) 




The 1529th (one word and a group of 

3 

'Prince of Wales # . , * , • 

3 

6 characters) 


Princeofwales* «• 

1 

l7me (4 characters) , . * • 

1 

City of Glasgow , * . . * * * . 

3 

le I7me (one word and a group of 

1 2 

Cityofglasgow* .. ». *% 

1 

4 characters) 





* If i^ed (in its" natural sense) in the text of a telegram containing code^ to be charged 
for as one word more than the number gi?en abore, being counted, under para. 19, at the rate 
-of 10 letters to a woi’d. 

t In this case, the expression Hydepark ** in a single word is only counted as one word, 
because the word “ park ” forms an integral portion of the name of lihe square. 

t In B’oreign and Colonial Telegrams these expressions can only be signalled in the form 

4472,44473. , 


3^4 
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Underline and 'Parenthesis (para. 20). 

The matter is prgmit leave at once 9 
(7 words and 2 nnderiines)|| ‘ 

Have heard of yon indirectly (bad 10 
accounts) telegraph direct (9 words 
and 1 parenthesis)^ 


Uroups of Letters in the Texii {Letter 
Cypher^ Commercial Marks ^ c§*c. 
(para. 2^). 

tnarhz (letter cypher or commercial marks) 1 


eiuTclif 


^ xejegrapn instruments cannot reproduce such expressions as 15 x 6. iSt>nders must be 
asked to substitute for thein the explicit meaning 15 multiplie par 6 ” (15 multiplied by 6). 

. 7 k-uch groups, especially those forming commercial marks, are sometimes written in 
capital letters for the sake of clearness. The letters are in that case accepted, counted and 
transmitted as a group. They will, however, probably %e reproduced in s^iall letters on the 
telegram form made out at the office of destination. p 

a /m^aS 3°m^^ colonial telegrams such expressions can oinly be reproduced ip the form 

letters must on no ^oount be accepted as groups in the address, but must 
written and charged for as isolated letters, (para. 25). 

to be'nMerS^ ^ ifiiderline iSwst W transmitted before and after eaoi word or passage 


15 A (number of house) 
15 A (commercial mark) 
5bis (number of house) 
6 bis (commercial mark) 
10 pounds 10 shillings 
or 

IOUO5 .. 

£10 


10.9 10 . 

10 fr 50 . 
fr 10.50 . 
Ks 793.8 . 
Ilh30 
11.30 

11B30 . 

eight/10 , 
huit/10 
5/tweifths . 
S/douziemes 
15x6^ .. 


Isolated . 

E .. 

EM 

HMS .. 

GFO 

EOMa.. 

MP 

E A 

SB., 

kee 


ch 23 (letters and figures forming com- 
mercial marks) 

ap/ui (group of letters forming commer- 
cial marks) 


tara. 205). 


3/m (figures and letters forming com- 
^ mercial marks) 

3 ^ (figures ^nd letters forming com- 
mercial marks) 

erand (commercial expression in current, 
use) 

canpac (over 5 letters) — commercial ex- 
pression in current use 
cif (commercial expression in current 
use) «!. 

caf jj 

fob „ „ 

ila :: _ :: 

hms§ (group of letters in current use) 

epo§ .. » 

.. ,, 

rap§ „ „ 

“I 

S8§ „ „ : 

“er§ 

P“§ 
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Telegraphist?! must use every endeavour to calculate the Under- and 
charges for telegrams correctly at the time of handing in. Should in over-charges, 
any case too few words be charged for, and the mistake be pointed 
out by tho banriing'OveJUjffice, the sender should be applied for the 
difference. If he refus^ to pay, or if it is not possible to find him, 
the handing-over oflice^shbiiid be informed of tbe fact. Instructions 
shouFd not be given to the handing-over officet-o increase the number 
of words unless the deficiency has been collected. ^ 

Should too many words be charged for, or should too many stamps 
be affixed to the form of a telegram, the telegraphist should put an 
explanatory note on the form, showing whether or not the blame for 
the over-payment rests with the sender. 

28. In case of difference between the number of words charged Bifferonce^ 
for and the number of the actual words, the number is signalled in the between 
service-instructions in the form of a fraction, of which the numerator chargeable 
indicates themimber ofwcrds charged for, and the denominator bhe 

number of the actual words. wds to be 

This rule applies, for instance, wffien a telegram contains indicated by 

(1) Words in plain language exceeding 15 letters. a fraction. 

(2) Words in plain language exceeding 10 letters, occurring in 
mixed telegrams, composed of words in plain language and 

^ words in code language. 

(3) Groups of over five letters. 

(4) Groups of over five figures. 

The following are examples of telegrams coming under this 
rule , ■ ■ 

(1) Smith Bombay — ^ 

Letter incomprehensible (number of words J). 

(2) Joliansen Berlin. 

Send immediately Incendiary Incinerate (number of 
'words *J^). 

(3) Dubois Paris. 

Sending two bales marked emvthf (number of words f ). 

(4) Parker Pernambuco. 

106523 1 7839 (number of words |). 

29. If the sender, after handing the telegram in, desires to Cancelling, 
cancel it : — 

‘ (a) The telegraph master must satisfy himself that the person 

making the application is the sender or his authorised 
agent. , , 

{h) If transmission has not commenced, or if it has commenced, 
hut has not been completed, the telegram must he cancelled 
by writing across it the words “cancelled at the request of 
-the sender.'' In this case only, the amount paid for the 
telegram, less 2d, is returnable by the Telegraph Master. 

{c) If transmission to the next office is completed, an attempt may 
he^made at the request of the sender to stop the telegram 
during its subsequent inland transmission or after it has 
been -transmitted abroad. In the former case, the sender 

7 must pay the sum of 3d. for a service message to the 
handing-over office ; in ^e latter, he must pay for a service 
message (ST) to the office of destination. 

30 No alteration, erasure, or interlineation^inust be ""made in a Aheration. 
telegram without the authority of the sender or his representative, 
save as provided in Para. 12 and in para. 20 {a). 
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After transmission to the next oihceis completed, no alteration can 
be made otherwise than by paid service messages (ST) as pibvided in 
para. 16. 

Komdelivery 31. ^nders can give instructions that tj^ir telegrams fihould not 
at night, be delivered during the night hours. In/duch. cases, the indication 
'*Joiir” (meaning ^‘day”) or — J— mus^' inserted before ^the 
address as an instrucMon relating to delivery. (See para. 10).^ The 
instruction J must also be entered in the service instructions and 
telegraphed* 

Kon-delivery. 32. — (a) When a telegram cannot be delivered, a notice of non- 
delivery, giving an exact copy of the address as received, must be 
forwarded to the office of origin through the handing-over office ; and 
should any sum be due for attempted delivery, or for redirectioo, the 
notice must request that the amount be collected from the person 
liable to pay this sum. ' 

(6) The service message must be drawn up in the terms of the 
following example : — 

SG TSF (or name of other handing-over office*} 

Todays HKE. (that is, code time of the original telegram as 
inserted at the handing-over office) from Eotterdam to 
Smith 6 New Cross Street Bradford undelivered addressee 
unknown (or ‘‘not yet arrived,” “gone away,” “deceased,” 
&c.) 

Bradford 

■■ or ■■ 

SG TSF (or name of other handing-over office*) 

Todays HKE from Eotterdam to Smith Bradford undelivered 
address insufficient 

Bradford 

(c) If the notice of non-delivery is not sent on the date of the 
original telegram, the service message must give the date of that 
telegram. 

{d) When any sum is due for the services referred to above, the 
words “ collect . . . . ” must be added to the message. 

(e) If it becomes possible to deliver a telegram after a notice of non- 
lielivery has been despatched, or if the telegram is claimed by the 
addressee, a further service message should be sent to the office of 
origin, informing it of the circumstance, except in cases where this 
information is communicated to the sender by means of a telegraphic 
notice of delivery for which he has paid. 

(/) When a telegram is delivered, say, at an hotel or boarding 
bours, and is subsequently returned within a week, the office of origin 
should be advised through the handing-over office in the following 
form : — 

SW TSP (or name of other handing-over office) 

Telegi'am of 16th from Paris to Smith Grand Hotel Brighton 
returned not claimed ,, 

Brighton 

(g) If the telegram is. not returned untilT after the lapW of more 
than a week from the date of delivery, the office of origin sh<?ald not 
be advised unless there appear to be some special grounds for doing 
so, as, for ^example, the fact of the telegram having originated in 
very distant eountr/. 

jHThis will appear from the prefix of the original inward telegram. 
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(h) The sender is responsible for an incorrect or insufficient address. 

Any alteiation in or addition to the address can only be made by means 
of a paid service message. (See para. 16.) 

(i) Whfftn a notice of non-delivery is received from abroad, the 
address on the notice nr^st be compared with that on the A. form, 
and should it be found a mistake has been made this must be at 
once Corrected by a service message to the office destination through 
the handing-over office. The telegram itself must not be repeats^. 

If no error has been made, the notice of non-delivery must be com- 
municated to the sender. If the sender, on being advised of non- 
delivery, wishes to correct or amplify the address, he can only do so 
on paying for a service-message (S T) to the office of destination. If 
a subsequent notice is received from abroad that the telegram has 
been delivered, the sender must be informed accordingly. 

33. In the ease of telegrams intended to be left until called for at Telegrams to 
telegraph offices or post -offices, the words “ Telegraphe Restant,” be called for. 
^‘Poste Eestante” or ‘‘Poste I’ecommandee” (Poste restante regis- 
tered), as the case may be, must form part of the address or be 

^ inserted before the address as instructions relative to delivery 
(para. 10). The instructions may be written in the abbreviated 
forms — T R— , — G P — and — G P R— respectively, in which case 
they count as one word each under para. 10. 

Telegrams “ to be called for ” must be kept for a period of six 
weeks. 

34. The sender can prepay a rej^ly of any length ; but a less sum Prepaid 
than lOd. must not be accepted in prepayment of a reply. ^ The replies, 
-delivering office provides the addressee with the means of sending a 

reply of the length prepaid, free of charge, at any time within six 
weeks of the date of delivery. The addressee can use the reply form 
to frank any telegram of equivalent value. Should he not avail 
himself of the privilege, the amount paid for the reply will be 
refunded to the sender, provided that the addressee returns the form 
to the telegraph office within three months of the date of its issue, 
accompanied By a request that the money may be refunded to the 
aender. If the reply does not contain the full number of words paid 
for, the balance of the charges will be refunded to the sender, on 
application within three months of the date of the issue of the reply 
form, provided that it is not less than 10c?. in amount. ^ When the 
original telegram has not been delivered the amount deposited for the 
reply will be refunded after six weeks to the sender or earlier should 
he make application. 

The provision with regard to a minimum charge does not apply to 
the replies to ST telegrams. 

35. The instruction RP followed by the number of words prepaid 
must be wrjtten between hyphens before the address. Thus if a reply 
of 10 words be prepaid — RP 10 — is inserted before the address and 
charged for as one word. (See para. 10.) 

The instruction RP followed^ by the number of words prepaid 
must also be Entered in the service instructions and telegraphed. 

If the sender wishes to prepay replies to a multiple telegram he 
must wrjte RP — "before the address of each addressee whose reply he 
prepays" 

36. — (a) When a telegram is received to which a reply has been 
prepaid abroad, an A form must be filled up a reply -^orm and 
delivered with the telegram. 

(b) At the back of the form the amount to be entered as dep^^ted 
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for tlie reply represents the charge for a telegram from the receiving 
office to the office of origin of the inward telegram. * It must 
be understood that the signal — EP— in the service instructions 
followed by a number means that a rep]}yof that number of words 
has been paid for. / 

(<r) When the in'ward telegram has origii^ited at a place to which 
there are two or mftre routes, the route by which the telegram was 
ij^ceived must be inserted in the space provided for it on the reply 
form. When the rates are not the same l>y all routes, care must 
be taken to calculate the amount deposited at the rate^ a]:)piicable 
to the route by which the inti'ard telegram has been received. This 
route will be signalled by the handing-over office. 

(d) If a reply telegram be addressed to the place of origin of 
the original tel%rarii without any indication of route being inserted 
on the form by the sender, th^ tep'ly telegram must be forwarded by 
the route by which the original telegram received, and this route 
must be entered in the service instructions and telegraphed. If, 
how'ever, the sender ahouid order the reply telegram by a particulai; 
route, his instructions must be foilowetl. 

(e) A reply telegram must not be accepted without prepayment 
unless a prepaid reply form be used, or unless it be accompanied 
by such form. If the reply costs more than the amoupt prepaid, 
the sender of the reply must pay the balance. Eeply forms which do 
not bear the impiession of the elate stamp of the office by which they 
were issued must not be accepted ; but the person tendering ,the form 
should be referred to the telegraph officer in charge. 

37. — {a) A telegram addi eased to several persons in the same towm, 
or to the same person in different parts of the same town, must be 
charged for as a single telegram ; but a copying fee of dd. per tele- 
gram not exceeding 100 words is charged for the copy to each address 
after the first. Beyond iOO wmrds the copying fee is incx'eased by 6d. 
for every additional 100 words or fractional part of 100 words. In 
calculating the fee for each copy, all the words in the text and the 
sigiiatuie, and in the address applicable to each copy, are counted. 
The name of the office of destination should appear once only at the 
end of the address. 

(h) The following is an example of the mode of charging a telegram 
with several addresses : — 

*‘-TM5— Dubois 

Lefevre 4 Eue Eoyale 

Eobinson 

Green 

Brown 20 Eue delapaix Paris ” 

*SSend following goods &c. &c. &c.” (98 words of text and 
signature together.) r 

(c) There are 13 w’ords in the address, — TM5— counting as one 
word (aee para. 10) and 98 in the text of this telegram ; and the 
initial charge is, therefore, tha^ for 111 words s^t 2d. per word 
— 18^, 6d. The charge for the extra copies for “ Lefevre and 
“ Brown ” is lOcf. e^h, their telegrams containing 103 words (5 words 
in the address, ‘‘Lefevre 4 B’jie Eoyale Paris ” and “ Bi'ct/n 20 Eue 
delapaix Paris ” and 98 in ' the , text) ; the charge for the extra copies 
for Eobjpson and Green 6d. each, their telegrams containing only 
100 words (2 in tne address, viz, “Eobinson Paris” and “Green 
Pam” and 98 in the t^xt). The total charge for the telegram is, 
tht^refore, 6<^.4*I0d-f i0c^.+5ffr+5cf. = 215. 


Multiple 

addresses. 
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(d) The office of destination must wxnte on each copy only one 
address, viz,, that of the person to whom it is to be delivered, imlesa 
tlie sender has requested the contrary by giving instructions to ' 

coiiminnx'ate all addresses.” % 

(e) The instractions\ regarding the number of addresses 
a — addresses” or T4i-^ and “communiquer toutes adresses” 
(mefiihng ‘‘^communicate all addresses”), as thetjase may be, must be 
written !;)efore the address and paid for. Under para. 10, the abb^ie- 
viation TAI — is charged for as as one word. 

(/) Ail multiple address telegrams should be numbered for inland 
transmission in the same way as inland telegrams. Handing-over 
offices, however, must hand over such messages under one number only. 

(f/) Telegrams having multiple addresses are not accepted by the 
routes of the North Atlantic Cable Companies. 

38. — (a) The sender must give ihstructioiis how telegrams for Special 
places not to be found in 1:he International List of telegrapli offices, cleliTerj. 
and telegrams to be delivei’ed by special means beyond the free 
^ delivery of the terminal telegraph, office, are to he forwarded from that 
'.■office. ■/; , " „ ^ ■ ■ ■ ■ , . 

(6) He should write these instructions, which must be charged for, 
before the a<ldressee’s name. 

(c) A ^eiegram may be forwarded from the nearest telegraph office 
by post. To take as an example the case of a telegram to be forwarded 
from Hamburg, the address should be worded as follows : — “ Post 
Schmidt Wans beck Hamburg” — the name of the terminal telegraph 
office being written last. The word “ po.st ” is counted and charged 
for, but no fee for postage is collected. 

(d) If a quicker means than the post is to be , used, the address 
must be worded as in the following example : — “ Expres (meaning 
‘porterage’) Schmidt Wansbeck Hacnhurg.” The word “Expres” 
(porterage) is counted and charged for. 

(e) The cost of delivery by special means is, as a rule, to be recovered 
from the addressee. If the sender desires to prepay the cost of 
delivery, and the amount is known, the instruction “ Expres pave — 

(meaning “ porterage paid — ”) or XP — t should be inserted between 
hyphens before the address and charged for (para. 10). If the cost 
of delivery is not known, a deposit can be made for that purpose. 

The instructions “Expres paye telegraphe” (meaning “porterage paid 
telegraph”) — XPT — or “Expres paye lettre” (meaning “porterage' 
paid letter”) — XPP — , as the ciise may be, must then be written 
between hyphens before the address and charged for (para. 10). The 
cost of a service message of five words (ST) to the same destination, or 
a fee of '2\d, for the postal service, as the case may be, must also be pre- 
pcxid to enable the office of destination to advise the amount expended. 

(/) V¥h^n an XPT telegram is received from abroad, the amount 
expended for delivery must be advised to the handing-over office, the 
advice being written on an ordinary form, and worded as in the 
following example : — 


SG TSF (or code name of other handing-over office). [j; 
To-days"XPT ^rom Pch;'is GL (that is code time of the original 
telegram^ras inserted at the handing-Hver office) to Smith Porterage 4^'. 

Colchester. 


The number of addresses should be inserted in th3 blank spabe. 
t The amount paid should be inserted in the blank space, the whole 
expression, for example -XP 2-9. 6d, — , counting as a single word (parr^b)* 
J This will appear from the prefix of the original inward telegram. 

\ 1258 ) ■' 1 - 2 
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(g) In the case of an XPP telegram, the amount expended for 
delivery must be advised by means of an oi’dinary service message (SG) 
to the handing-over office, which informs tiie office of origin by 
prepaid fegistered letter. ^ ^ 

(A) Particulars of outward XPT or XW telegrams must be kept 
by the office of origin to enable it to deal r/ith the telegraphic or 
postal porterage advices received from abroad. 

• (^) When the sender makes a deposit — XPT— or — XPP — no 
charge is made to the addressee ; any deficiency is subsequently 
collected from the sender and any excess refunded. When on the 
other hand the sender prepays what is niidei'stood to be the full 
charge XF — ,* any deficiency in the amount signalled as prepaid 
should be collected from the addressee ; any excess is not refunded. 

(k) If for any reason the deficiency cannot be collected from the 
addressee, the handing-over offibe must he advised by service message 
(SG) in order that the amount may be Recovered from the sender, 
the words “ Collect — ” being added to the service message. 

(l) In the case of certain offices, the amount charged for porterage ^ 
is shown in francs and centimes by a special entry in the Internationa! 
List. If the sender desires to prepay this charge, the amount notified 
should be converted into English money at the rate of lOd to one 
franc, fractions of a penny being reckoned as a peipiy. The 
instruction XP — should be signalled. 

39, — (a) The sender can have his telegram posted abroad. If it is 
to be forwarded by post from one place to another in the same 
country, no fee is charged for postage, unless the telegram is to be 
posted as a registered letter — for which see para, (c) ; if it is to 
be posted in a country abroad for delivery in another counti'j, a 
charge of should be collected from the sender for postage in 
addition to the charge for the transmission of the telegram to the 
place at which it is to be posted. In either case the word “ Post,” 
which is counted and charged for as a word, should be inserted before 
the address. 

(b) The foregoing para, (38) contains an example of a telegram to 
be forwarded by post within the limits of the country of destination. 

The following is an example of a telegram to be posted in one 
country for delivery in another, namely, a telegram for Calcutta to be 
posted "at Brindisi. The address of such a telegram should be in the 
form : — “ Post Smith Calcutta Brindisi ” — the name of the terminal 
telegraph office being written last. 

(<?) Telegrams can also be posted as registered letters. In this case 
the words Poste recommandee” (standing for “Post registered”) or 
the abbreviation — PB — between hyphens must be inserted before 
the address, and paid for by the sender (Eule 12). A charge of 
for registration fee, in addition to the charge (if any) /or postage, 
must he prepaid on such telegrams. Thus, if the above telegrams for 
Wansbeek Hamburg and for Calcutta vill Brindisi were to be posted 
as registered letters, they would be subject to a total charge for 
registration of and for postage and registration of 5d re- 
spectively. t ^ 

40. In ail matters not provi(J<^d for in the foregoing ins^uctions, 
the instructions regarding the treatment of inland telegrams must be 
observed. 



, J^The amount paid should be inserted in the Hank space, the whole 
expression, for example XP 6d — % counting as a single word (para. 10) . 
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